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From the Editors 

The bulk of this ‘Special’ issue comprises papers presented at the FNCV Mammals of Victoria 
Symposium, held over the weekend of 28 February/1 March 2015. In a number of ways, the issue 
constitutes a record. Although not all of the presentations made at the Symposium are published 
here, the issue represents a good cross section of the research in regard to mammals being under¬ 
taken in Victoria at the time. To that extent, it is a record, too, of what was .said at the Symposium, 
as well as who said it. A complete list of the presenters is included within this issue, to give readers 
an idea of what other related subjects were discussed at the Symposium. 

Papers that are presented at a conference or symposium often offer work in progress, or ideas 
that have not been thoroughly developed. If subsequently published in collections such as this, 
they should be seen more as a record of what was given at the event than as a finished statement on 
the subject. For this reason, in publishing symposia papers, the Editors will henceforth categorise 
them as ‘Symposia proceedings’ From an editorial perspective, the process of preparing them for 
publication will be no less rigorous but, as with Naturalist Notes, they will not be regarded as ‘peer 
reviewed’ If authors wish to have their papers peer reviewed, they are welcome to offer them as a 
Contribution or Research Report. 
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Contributions 

Surveying for arboreal mammals in the Grampians National Park 

and adjacent reserves 

Fauna Survey Group Contribution No. 28 

Robin Drury 

Fauna Survey Group, Field Naturalists Club of Victoria, PO Box 13 Blackburn, Victoria 3130 

Abstract 
This survey is part of a continuing partnership between Parks Victoria and the Fauna Survey Group of the 
Field Naturalists Club of Victoria, to assist with the monitoring of priority biodiversity in Victorian parks and 
reserves. Biodiversity monitoring is an essential activity in that it provides important information that drives 
management decision-making. Limited resources and the large number of reserves in the State make it difficult 
to obtain and update relevant knowledge. Arboreal mammals are prominent in conservation rating systems 
such as the lists developed under the Flora ami Fauna Guarantee Act 1988. The Grampians area is a Known 
habitat for one such mammal, the Squirrel Glider Pctaurus norfolcemis. With some of the records nearly 30 
years old, this survey was instigated to provide more recent data. The group used three techniques (remote 
cameras, hair funnels and spotlighting) to survey for the presence of the Squirrel Glider and other arboreal 
fauna. Eight arboreal mammal species were detected, with each technique detecting at least one species not 
detected by the others. Notable findings included the detection of a Squirrel Glider on two occasions at one 
site and the Brush-tailed Phascogale Phascogale tapoatafa at two sites. (7he Victorian Naturalist 133(3), 2016,64-71) 

Keywords: Remote cameras, arboreal mammals, hair funnels, Squirrel Glider, Brush-tailed 

Phascogale 

Introduction 
The Fauna Survey Group (FSG) of the Field 
Naturalists Club of Victoria (FNCV) carries 
out fauna surveys on private and public land 
in accordance with its Department of Environ¬ 
ment, Land, Water and Planning research per¬ 
mit. The group has carried out over 700 surveys 
since 1972, with many of these being on land 
managed by Parks Victoria (PV). More recently 
the group has been working with PV to identify 
projects which fit with the priorities, interests 
and resources of both organisations. 

One of the projects identified was to increase 
the knowledge of arboreal mammal presence, 
in this case in the reserves in and around the 
Grampians National Park (NP). In particular 
the survey attempted to find evidence of the en¬ 
dangered Squirrel Glider Pctaurus norfolcensis, 
which has been recorded previously in this area 
(Menkhorst et al. 1988). 

As a group, Victorian arboreal mammals are 
well-represented in the conservation rating sys¬ 
tems. Their conservation status is outlined in 
Advisory List of Threatened Vertebrate Fauna 
in Victoria (DSE 2013). Red-tailed Phascogale 
Phascogale calura is considered regionally ex¬ 
tinct, Leadbeater s Possum Gymnobelideus lead- 
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beateri, Squirrel Glider and Spot-tailed Quoll 
Dasyurus maculatus are endangered and Brush¬ 
tailed Phascogale Phascogale tapoatafa and 
Greater Glider Petauroides volans are vulner¬ 
able. All these species are listed under the Flora 
and Fauna Guarantee Act 1988 (FFG). 

Other arboreal species, Eastern Pygmy Pos¬ 
sum Cercartetus nanus and Little Pygmy Pos¬ 
sum Cercartetus lepidus, are listed as near 
threatened on the Advisory List but not listed 
under the FFG. 

The Grampians NP is located in western 
Victoria, 250 km from Melbourne, and is the 
fourth largest national park in the state with an 
area just over 167000 ha (Parks Victoria 2003). 
As well as the national park itself, Parks Victo¬ 
ria is also responsible for managing smaller re¬ 
serves in the area. The area has been described 
as one of the strongholds for the Squirrel Glider 
in Victoria (Menkhorst et al. 1988). 

The project aimed to ascertain the presence 
of the endangered Squirrel Glider at sites with 
historical records and to provide species lists 
of other nocturnal, arboreal fauna in poorly- 
surveyed areas. 
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Methods 
The survey took place between 6 June and 20 
June 2014 in five study sites (Fig. 1). These sites 
were chosen because the Squirrel Gliders had 
been recorded or were suspected to occur there. 

Silverband Falls and Heatherlie are within 
the Grampians NP. Heatherlie is approximate¬ 
ly 13 km north of the township of Halls Gap 
(37.1167° S, 142.5500° E) and is a new acquisi¬ 
tion to the PV estate. Silverband Falls are lo¬ 
cated approximately seven kilometres south of 
Halls Gap. Deep Lead Flora and Fauna Reserve, 
Lonsdale Nature Conservation Reserve (NCR) 
and Ledcourt State Forest are respectively 23 
km north-east, 16 km north-north-east and 15 
km north of Halls Gap. 

At each site, transects were designated by 
Parks Victoria, 13 in total. Most of the transects 
were around one kilometre in length, depend¬ 
ing on tracks and access. The Silverband tran¬ 
sect was four km long, as this was the distance 
between safe parking locations. 

The Silverband transect was the road between 
the Rosea car park and the Silverband Falls car 
park. This transect was quite steep and heavily 

wooded. All the other transects were predomi¬ 
nantly in flat and open woodland. All these, ex¬ 
cept for one transect in Heatherlie, were open 
Eucalypt woodland with relatively little un¬ 
derstorey. The Heatherlie transect was denser, 
containing groves of Silver Banksia Banksia 
marginata. 

The survey design allowed for one camera and 
one hair tube per transect km (approx.). Each 
transect was to be spotlighted. The exceptions 
were Deep Lead, where two additional cameras 
were deployed because no cross-country spot¬ 
lighting was possible (for safety reasons due to 
abandoned mineshafts), and Silverband where 
no cameras or hair funnels were placed. 

The spotlighting and the deployment of the 
cameras and hair funnels took place between 6 
and 8 June 2014. The cameras and hair funnels 
were retrieved on 19 and 20 June 2014, being in 
the field for 13 to 14 days. 

Seventeen cameras were deployed for a total 
of 216 camera-nights. Sixteen cameras were Ltl 
Acorn Ltl6210M and the other a Scoutguard 
550V. 

SIAWEIL* 
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20 
■ Klcxnrtr** 

Fig. 1. Map showing the location of the study sites. Site 1 is Deep Lead, site 2 Lonsdale, site 3 Ledcourt, site 4 
Heatherlie and site 5 Silverband. Other areas shaded grey are public land. 
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Fifteen of the cameras (including the Scout- 
guard) were deployed in eucalypt trees within 
each transect, at a height generally between 
three and four metres. Mature hollow-bearing 
trees were used if available. All these cameras, 
except one, were placed on modified CCTV 
camera housing brackets (Drury 2014). The 
other was strapped directly to the tree. All were 
baited with peanut butter, oats and golden syr¬ 
up. Nine of the cameras had bait in tea infusers, 
where the bait was inaccessible, and the other 
six had bait in an 80 mm piece of 20 mm con¬ 
duit, with the bait accessible at both ends. 

The other two cameras were deployed at 
Heatherlie in flowering Banksia trees, focusing 
on a tea infuser containing bait. The Banksia 
florescences may well have been an additional 
attractant. 

All cameras were placed vertically, with the 
detection beam perpendicular to the trunk and 
parallel to the ground. They were set to video 
for 20 seconds and one second between shots. 
The sensitivity level was high and they were set 
to operate between 1600 hours and 0900 hours. 
The side PIR (early warning system) was set to 
on for the Ltl Acorn. This facility is not avail¬ 
able in the Scoutguard. 

The results were analysed for species presence 
and the attitude of the animal to the bait (i.e. 
did the animal appear to show any interest?). 
The 25 hair funnels were all the 150 mm mod¬ 
els from Faunatech. All were baited with pea¬ 
nut butter, oats and golden syrup. Fourteen of 
them were placed in trees near the cameras 
deployed on the CCTV brackets. They were 
screwed to the branch with the opening fac¬ 
ing downwards. The other eleven were pegged 
out on the ground, in Heatherlie, in two banks 
of five and a single tube. The number of trap- 
nights totalled 309. Hair funnels were retrieved 
at the same time as the cameras and the hairs 
were analysed by Hans Brunner. Brush-tailed 
Phascogale Phascogale tapoatafa results were 
confirmed by Barbara Triggs. 

All transects had one spotlight survey, with 
teams varying from four to seven people. The 
time taken varied from 25 to 120 minutes. 

Results 
The overall survey effort is summarised in 
Table 1. 

Eight species of arboreal mammal were de¬ 
tected during the survey (Table 2). One, the 
Eastern Pygmy Possum, was identified using its 
distribution to assist in identification. 

The success of each survey method at each lo¬ 
cation is detailed in Table 3. 

Table 4 shows the days in the camera cycle (all 
cameras combined) where the different arbore¬ 
al mammal species appeared. The results show 
that 60% of the images were captured in the 
second week. Excluding the Common Brush- 
tail Possum, the percentage jumps to 73%. 

Different approaches to measuring the results 
are contained in Table 5. Sixty-one arboreal 
mammal images were recorded. It has been as¬ 
sumed that images of the same species clus¬ 
ter around the same time, they are part of the 
same ‘event’. An ‘event’ is an attempt to define 
the maximum likely number of individuals 
whose images have been recorded. It has been 
assumed that if the images of the same species 
are less than 5 minutes apart that they are in the 
same event. There were 31 such events. 

In 14 of the events the animal was shown 
to have a definite interest in the bait (i.e. they 
nosed around it). Of the 14 positive event re¬ 
sponses to the bait, nine were for tea infusers 
and five were for conduits. 

Individual cameras recorded animal images 
on between zero and five nights, with an aver¬ 
age of 1.5 nights per camera. One camera re¬ 
corded three arboreal mammal species, one re¬ 
corded two, nine recorded one and six recorded 
none. 

Discussion 
All the survey techniques yielded results. The 
survey demonstrated the value of multiple sur¬ 
vey approaches, as each technique detected a 
species not provided by the others. Spotlighting 
uniquely detected the Common Ringtail Possum 
and Eastern Pygmy Possum, the hair funnels de¬ 
tected Brush-tailed Phascogale and the cameras 
detected Feathertail Glider, Sugar Glider, Squir¬ 
rel Glider and Yellow-footed Antechinus. 

A relatively short and low-cost effort detected 
the presence of eight species of arboreal mam¬ 
mal over the five study areas. 

The Squirrel Glider record from the newly- 
acquired Heatherlie section of the Grampians 
NP is significant as, according to the Victorian 
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Table 1. Grampians survey effort. 

Survey site Number of Transects Cameras Cameras Hair Hair 

transects spotlighted (Bait only) (Banksia funnels funnels 
and bait) (tree) (ground) 

Deep Lead 3 5 5 

Heatherlie 3 3 4 2 3 11 

Ledcourt 3 3 3 3 

Lonsdale 3 3 3 3 

Silverband 1 1 

Total 13 10 15 2 14 11 

Table 2. Arboreal species detected by all survey methods, and the number of sites and transects in which they 

were recorded.  

Number of study Number of 
site appearances transect appearances 

Species(n-5)(n=13) 

Brush-tailed Phascogale Phascogale tapoatafa 2 2 
Common Brushtail Possum Trichosurus vulpecula 4 11 

Common Ringtail Possum Pseudocheirtisperegrinus 1 1 
Feathertail Glider Acrobatcs pygmacus 1 1 
Eastern Pygmy Possum Cercartetus nanus 1 1 
Sugar Glider Petaurus brcviccps 2 4 
Squirrel Glider Petaurus ttorfolcensis 1 1 
Yellow-footed Antechinus Antechinus flavipes_1_1 

Table 3. Arboreal mammal results by survey area and survey method. 

Survey Area Camera 
(Eucalypt) 

Camera 
(Banksia) 

Hair Funnel 
(tree) 

Hair Funnel 
(ground) 

Spotlighting 

Deep Lead Common Brushtail 
Possum 

Sugar Glider 

NA Nil NA NA 

Heatherlie Common Brushtail 
Possum 

Sugar Glider 

Common Brushtail 
Possum 

Feathertail Glider 
Squirrel Glider 

Nil Brush-tailed 
Phascogale 

Common Brushtail 
Possum 

Eastern Pygmy 
Possum 

Ledcourt Yellow-footed 
Antechinus 

Common Brushtail 
Possum 

NA Nil NA Common Brushtail 
Possum 

Lonsdale Common Brushtail 
Possum 

NA Brush-tailed 
Phascogale 

NA Common Brushtail 
Possum 

Silverband NA NA NA NA Common Brushtail 
Possum 

Common Ringtail 
Possum 

Vol 133 (3) 2016 67 



Contributions 

Table 4. The arboreal mammal species whose images were captured and the days on which this occurred. 

Species Day/s 

Common Brushtail Possum 1,2, 4, 5, 6, 7, 8, 12, 13 
Feathertail Glider 3,9 
Squirrel Glider 8, 10 
Sugar Glider 2, 9, 10, 11, 12, 13 
Yellow-footed Antechinus 9 

Table 5. Number of images, events and their noticeable response to the bait in these events, 

Species Images Events No. of events with positive interest 
to bait (tea infuser, conduit) 

Common Brushtail Possum 44 18 6(2. 4) 
Feathertail Glider 2 2 0 
Squirrel Glider 4 2 1(1,0) 
Sugar Glider 10 8 6(5,1) 
Yellow-footed Antechinus 1 1 1(1,0) 

Total 61 31 14 (9,5) 

Biodiversity Atlas (VBA), this endangered spe¬ 
cies has not been recorded in the Park since 
July 1984. The Grampians represent the most 
south-westerly population of this species in all 
of Australia. This population is isolated from 
other Squirrel Glider strongholds (Fig. 2a) and 
requires careful management and monitoring. 

The Brush-tailed Phascogale records are also 
significant as this species has not been previ¬ 
ously recorded from Lonsdale NCR nor the 
immediate Grampians NP area according to 
the VBA database (Fig. 2b). This species has 
suffered a large range decline in south-western 
Victoria (Menkhorst 1996). 

These results, plus previous research (Menk¬ 
horst et at. 1988), mean that the Heatherlie and 
Lonsdale reserves could play an important role 
in the conservation of two FFG-listed species. 
Effective management will require, amongst 
other things, a good understanding of the pop¬ 
ulation distribution. 

The question remains as to whether the three 
techniques used in this study are the most ap¬ 
propriate for ascertaining arboreal mammal 
presence. Each of the techniques we used has 
its strengths or weaknesses. 

The use of spotlights for surveying for arbore¬ 
al mammals has become standard (Catling et al 
1997). However, even reasonable-sized animals 

Fig 2b. VBA records of Brush-tailed Phascogale 
(orange) and the records from the current survey 
in red. 
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such as Squirrel Glider (Menkhorst et al. 1988) 
and Brush-tailed Phascogale (Soderquist et al. 
1996) arc considered to be difficult to spotlight. 
The surveyor has to be in the right place at the 
right time and the animal has to present itself 
(e.g. look at the light so that eye-shine is detect¬ 
able). Our experience is that smaller mammals, 
such as Feather-tailed Gliders and Pygmy Pos¬ 
sums, are also easy to miss and difficult to iden¬ 
tify. Results may be improved by using thermal 
imaging to augment the spotlighting. It has 
proved to be a successful adjunct in other stud¬ 
ies (Focardi et al. 2001; Edwards et al. 2003), 
although mainly for larger animals. 

We found that it was possible to detect Brush- 
tailed Phascogales by using hair funnels. The 
technique has also been used successfully to de¬ 
tect gliders, at least to the genus level (van der 
Ree et ai 2004). This method has been shown 
to be not as effective as other methods (Pauli 
et al. 2012), but is cost effective and has shown 
the propensity to detect species not detected by 
other methods (Garden et ai 2007). There is a 
need for specialist knowledge for hair analysis 
and the process can be difficult and open to 
mistakes (Garden et al. 2007). Soderquist et ai 
(1996) suggested that the use of hair funnels is 
simple and non-invasive and we also found this 
to be the case. However, while we found only 
hair in our funnels, other studies (e.g. Mills et 
ai 2002) have found that fauna such as small 
lizards, frogs and birds can be trapped by this 
equipment. Care needs to be taken in reducing 
this ‘by-catch’, for example ensuring the floor 
of the funnel or tube is free of sticlcy material 
(Eyre et ai 2014). 

Camera trapping is now used widely in wild¬ 
life management. It has been shown to provide 
basic knowledge of the distribution of animals, 
is relatively inexpensive and relatively non-in¬ 
vasive and safe both for humans and animals 
(Swann and Perkins 2014). Our survey showed 
good results for Sugar Glider and Common 
Brushtail Possum and some possibilities for 
Antechinus, Feathertail Glider and Squirrel 
Glider. 

Meek et ai (2015) suggest that the constraints 
and limitations of cameras are not always con¬ 
sidered. They identified a number including the 
camera model, the camera detection system, 
camera placement and orientation, triggering 
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and recovery, camera trap settings, temperature 
differentials, species identification and behav¬ 
ioural responses of the animals to the cameras. 

Our results may assist through the following 
observations: 
• We found that the second week was the most 

productive, so the results from shorter term 
deployments may be misleading. 

• Only the Common Brushtail Possum showed 
a preference for access to the bait (i.e. the 
conduit). 

• The detection of the Squirrel Glider, Feath¬ 
ertail Glider and Pygmy Possum in Silver 
Banksia suggests that camera deployment in 
food-producing trees may be rewarding. The 
attraction of Squirrel Gliders to nectar and 
pollen is noted in Quin (1995) and Holland 
et ai (2007). However, the latter found this to 
be a small part of their diet. 

Other techniques such as stagwatching, pred¬ 
ator scat analysis, trapping and nestboxes may 
also contribute to the ultimate detection regime 
for this suite of animals. All have their strengths 
and weaknesses. 

Stagwatching has limited application for less 
common species such as Brush-tailed Phas¬ 
cogale because of the difficulty in predicting 
where the animals will be, given a multitude of 
nesting hollows and the animals’ propensity to 
move around (Soderquist et ai 1996). 

Predator scat analysis has proved successful in 
establishing species within a particular area. In 
a survey in north-east Victoria (Brunner et ai 
1976), the hairs of four species of glider, four 
species of possum and one pygmy possum were 
detected in the scats of Red Fox Vulpcs vulpes 
and feral dog Can is familiaris. Fox scats can 
be collected along tracks (Brunner et ai 1976, 
Friend 1978), which are readily available in 
most of the study area. Friend (1978) suggests 
detection of animals by a predator is more ef¬ 
ficient than relying on a research worker. Hairs 
collected this way also avoid the by-catch issue 
associated with hair funnels. 

Trapping has proved successful, but is labour- 
intensive (Garden et ai 2007) and can cause 
stress and injury to the animals (Soderquist et 
ai 1996; Menkhorst et ai 1988). The Brush¬ 
tailed Phascogale has also been found to be 
trap-shy (Soderquist et ai 1996). 
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Fig. 3. Brush-tailed Phascogale in nest-box. Photo R 
Drury. 

The use of artificial nestboxes has proved to 
be successful in providing habitat tor arboreal 
mammals, and contributes to their manage¬ 
ment and conservation (Beyer and Goldin- 
gay 2006). Soderquist et ai (1996) consider 
nestboxes as a preferred option for surveying 
for Brush-tailed Phascogale. Artificial habitat 
has been used in studying Feathertail Gliders 
(Fleming and Frey 1984). The nestbox method 
does not require handling of the animals, al¬ 
though if such handling is needed for the re¬ 
search, the animals are readily obtained (with 
the necessary permits). In the FNCV nestbox 
program in the Graytown area in central Vic¬ 
toria, both Brush-tailed Phascogale (Fig. 3) and 
Squirrel Glider (Fig. 4) have been recorded in 
nestboxes, as has the Sugar Glider. 

Our small survey, and other FSG work, sug¬ 
gests that the use of spotlighting, cameras, 
nestboxes and hair funnels could form the basis 
of an effective, minimally invasive and relative¬ 
ly inexpensive method for monitoring arbo¬ 
real mammals. These techniques are relatively 
simple and can be implemented with the sup¬ 
port of volunteer organisations. Further work 
will be needed to ascertain the most produc¬ 
tive deployment regime, which may vary for 
individual species. 

Fig. 4. Squirrel Glider in nest-box. Photo R Drury. 
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One hundred and one years ago 

WANDERINGS ON THE MURRAY FLOOD-PLAIN 

BY J.G. O’DONOHUE 

At dusk, whilst taking a well-earned rest on the station verandah ... Johnny, a full-blooded aborigine, 
arrived with a young “roo” ... The event proved a very fortunate one, since it led up to a statement by 
Messrs. Thompson and Briggs totally at variance with the accepted belief that the doe kangaroo vol¬ 
untarily abandons her young one to ensure its safety when she is in danger of being overtaken by her 
pursuers. The general opinion entertained by naturalists, and certainly expressed by all writers of natu¬ 
ral history, is that the doc, when hard pressed by the dogs, draws the young one from her pouch and 
tosses it into a convenient bush for safety, and returns for her olfspring if she succeeds in evading her 
pursuers. In common with many others, I accepted this as the true interpretation of what might be deemed 
an unparalleled maternal trait, but was always sceptical that the slender forearms of the doe possessed the 
strength, or the paws the grasping power, to draw a vigorous and weighty “joey” from her pouch and to cast 
it to a distance whilst she was careering over rough country, possibly at the rate of forty miles an hour. Our 
bushmen, who had spent their lives amid the animals of the wilds, and who were as keen in observing the 
ways of Nature as the greatest enthusiast of the Club, were surprised at the view generally entertained on 
the subject. Briefly, their opinion, based on hundreds of cases that had come under their notice, was that 
the young one, by its weight, gradually and greatly enlarged the pouch, as the mother, by her enormous 
leaps, imparted to it a more or less vertical motion, and at the same time injured it by the action of her hips, 
[continued on p 82.] 
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Mammals of Victoria Symposium 

28 February 2015 - 1 March 2015 

The remaining papers in in this issue of The Victorian Naturalist stem from the ‘Mammals of Vic¬ 
toria Symposium, organised by the Fauna Survey Group of Field Naturalists Clkub of Victoria. 
Held over a weekend, papers were delivered by individuals from a range of organisations and 
backgrounds, who are working in mammal studies in Victoria. The complete program of speakers 
is provided below. Not all of these papers were subsequently offered for publication, so the list here 
serves as one way of acquainting readers with the range of topics that were covered at the time, but 
not subsequent published in this journal. 

Program 

Saturday 28 February 2015 

Professor John Woinarski, Charles Darwin University: 
National Context: the Conservation Status of Australian Mammals. 

John Harris, Director, Wildlife Experiences/President, FNCV: 
From Colonisation to Napthine: Changes in Victorias Mammal Fauna over time. 

A/Prof. Graeme Coulson, Honorary Principal Fellow, School of BioSciences, The University of 
Melbourne: 
Endangered to Overabundant: ecology and management of macropods in Victoria. 

Dr Euan Ritchie, Senior Lecturer, HDR Coordinator, Life and Environmental Sciences, Deakin 
University: 
The ecology of predators and prey in Victoria: insights from the Malice, Otways and Wilsons 
Promontory. 

Jess Lawton, PhD candidate, La Trobe University: 
What drives the distribution of Mitchells Hopping Mouse in a fire-prone landscapeV 

Dr Pam Whiteley, Faculty of Veterinary and Agricultural Science, The University of Melbourne: 
Wildlife disease surveillance in Victoria. 

Dr Lindy Lumsden, Section Leader, Wildlife Ecology, Arthur Rhylah Institute, DELWP: 
Bats: Fascinating creatures of the night. 

Dr Rodney van der Ree, Deputy Director, ARCUE—Royal Botanic Gardens, Melbourne: 
Status and management of Flying Foxes in Victoria. 

Saturday Evening—Visit to Mt Rothwell Sanctuary 
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Sunday 1 March 

Peter Menkhorst, Senior Zoologist; Chairperson, Translocation Evaluation Panel (Fauna), 
DELWP: 
Victorias mammal fauna: a review after two decades. 

Andrew Murray, Southern Ark Operations Manager, DELWP: 
The Southern Ark Project: reviving the mammal fauna of Far East Gippsland. 

Annette Rypalski, Manager, Mt Rothwell/Southern Brush-tail Rock Wallaby Captive Sub-group 
Recovery Team: 
Saving the shadow—Southern Brush-tail Rock Wallaby recovery efforts. 

Dr Dan Harley, Threatened Species Biologist, Zoos Victoria: 
An overview of the conservation of Leadbeaters Possum in highland and lowland habitats. 

Dr Kylie Soanes, Post-Doctoral research, ARCUE, Royal Botanic Gardens: 
Bridging gaps to protect the Squirrel Glider, a high-flying mammal. 

A/Prof Ian Mansergh, Life Sciences, La Trobe University: 
Burramys (Mountain Pygmy-possum): learnings from 30 years of research and management for a 
changing climate. 

Sarah Maclagan, PhD Candidate, Deakin University: 
Ecology of the Southern Brown Bandicoot in peri-urban Melbourne. 

Dr Amy Coetsee, Threatened Species Project Officer, Zoos Victoria: 
Eastern Barred Bandicoots: on the road to recovery. 

Symposium presenters: (L-R) Jess, Lindy, Sarah, Peter, Pam, Andrew, Ian, 
John, Kylie, Annette, Amy and Dan. Not included in the photo: Euan Ritchie, 
Rodney Van der Ree and John Woinarski. 
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National context for the conservation fate of Victoria’s mammal fauna 

John CZ Woinarski 

Threatened Species Recovery Hub of the National Environmental Science Programme 

Charles Darwin University, Darwin, Northern Territory, 0831. Email: John.Woinarski@cdu.edu.au 

Abstract 
This paper provides a broad international and national context for the symposiums focus on the conservation 
of the Victorian mammal fauna. As with Australia generally, the Victorian mammal fauna has suffered rates 
of extinction that are unusually high by global standards. The main factors that have caused loss of Australia’s 
land mammals are predation (by the introduced feral Cat and Red Fox) and changed fire regimes, although 
other factors are also implicated in declines for some species. There are reasonable grounds for hope that the 
ongoing decline in Victorias mammal fauna can be stemmed and reversed, especially because it is plausible to 
return, with intensive management, many of the 14 mammal species that have been extirpated from Victoria 
but have persisted elsewhere, (The Victorian Naturalist 133(3), 2016. 74-78) 

Keywords: conservation, extinction, feral predator, mammal, reintroduction, Victoria. 

Our world has fewer species now than in the 
previous generation. Biodiversity is declining at 
a fast rate world-wide (Butchart et al 2010; Sec¬ 
retariat of the Convention on Biological Diver¬ 
sity 2014), and this rate will continue to increase 
with ongoing climate change, increasing 
human population, increasing resource use and 
decreasing extent of suitable habitat. Mammal 
species have suffered a particularly high rate 
of loss, with 76 species (1.4% of the worlds 
ca. 5500 mammal species) rendered extinct 
over the past ca. 500 years, and 21% now 
considered threatened (Schipper et al. 2008; 
Hoffmann et al. 2011). Larger land mammal 
species, and particularly larger predators, have 
suffered a disproportionately high rate of loss, 
partly because many of these have been hunted, 
because they typically require large home 
ranges and/or because many have relatively 
small population sizes (Cardillo el al. 2005). 

The fate of Australia’s highly distinctive 
terrestrial mammal fauna is atypical of global 
patterns. A recent review concluded that 
Australia has lost 29 (or perhaps 30, if the 
Christmas Island Shrew Crocidura trichura, 
last seen in 1985, is considered extinct) of its 
272 endemic land mammal species (i.e. 11% 
loss), an eight-fold higher rate of extinctions 
than that experienced globally (Woinarski 
et al. 2014, 2015). A further 54 endemic land 
mammal species (22% of the extant Australian 

species) are now considered threatened 
(Woinarski et al. 2014). 

The rate of loss of Australian mammals is 
unusual globally; and so is the pattern of loss. 
Australia’s small and medium-sized mammals 
(broadly in the range 35 g to 5 kg) have suffered 
the most extinctions and extensive declines, 
whereas larger mammal species have been 
comparatively little affected (Burbidge and 
McKenzie 1989; McKenzie et al. 2007; John¬ 
son and Isaac 2009). Furthermore, while much 
of the decline in the world’s mammals (and 
biodiversity generally) is in areas exposed 
to the most intensive development pressure, 
the decline of Australia’s mammals has been 
almost ubiquitous across the mainland, 
with, for example, high rates of decline and 
extinction even in the most remote and little 
modified deserts (Finlayson 1935, 1961; 
Burbidge et al. 2008). Whereas many of the 
worlds extinct species had very small ranges or 
small populations or were highly specialised, 
many now-extinct Australian mammals had 
extensive distributions (covering more than 
one million km2) and broad habitat ranges 
and were very abundant immediately before 
European settlement of Australia (Hanna and 
Cardillo 2013). 

The loss of many Australian mammal species 
was so remarkably rapid that they were almost 
unreported, and scientific knowledge that they 
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existed is almost serendipitous. Several now 
extinct species were reported in life from five 
or fewer records (e.g. Desert Bettong Bettongia 
anhydra> Central Hare-wallaby (Kuluwarri) 
Lagorchestes asomatus, Short-tailed Hopping- 
mouse Notomys amplus, Darling Downs 
Hopping-mouse N. mordax, Blue-grey Mouse 
Pseudomys glaucus). Other species, most likely 
present at the time of European settlement, 
were never recorded as live specimens, but 
are known now from subfossil deposits (e.g. 
Nullarbor Dwarf Bettong Bettongia pusilla, 
Capricorn Rabbit-rat Conilurus capricornetisis, 
Broad-cheeked Hopping-mouse Notomys 
robustus) (Cramb and Hocknull 2010): some 
of these are still undescribed (Start et ai 2012). 
Most likely, some species present at the time 
of European settlement have left no trace, 
or at least no trace yet discovered. Even for 
extant species, changes were very rapid, such 
that our knowledge of these species based on 
their present-day distribution, abundance and 
habitat preferences may be a markedly distorted 
perception of their previous status and ecology; 
and we may need to re-think substantially our 
understanding of what constitutes baseline 
Australian mammal assemblages and ecology 
(Bilney et at. 2010; Bilney 2014). 

Part of the reason for the atypical nature of 
Australian mammal loss is that the main factors 
that have driven the loss are notably different 
from those for other continents. Whereas 
losses of mammals elsewhere in the world are 
due mostly to habitat loss and hunting, the 
main factors that have driven mammal decline 
in Australia have been introduced predators 
(the Red Fox Vulpes vulpes and feral Cat Felis 
catus) and changed fire regimes (Woinarski et 
al. 2014, 2015). Of course, many other factors 
also may be implicated for some Australian 
mammal species. Notably, disease may have 
had a substantial role, although direct evidence 
is frustratingly limited (Abbott 2006; Pea¬ 
cock and Abbott 2014). Furthermore, it is 
difficult now to decipher causes of decline 
for many now extinct species; and it is also 
increasingly clear that many threats may have 
operated synergistically (Woinarski et al. 2011; 
McGregor et al 2014; Ziembicki et al. 2015). 

The decline and loss of Australian mammals is 

not a phenomenon of the past. Notwithstanding 
Australia’s reasonably good environmental 
legislation, comprehensive and substantial 
conservation reserve system, affluent status, 
constraints on hunting and the absence or low 
level of some other pressures, many Australian 
mammal species continue to decline (Woinar¬ 
ski et al. 2015). Indeed, two Australian endemic 
mammal species—the Christmas Island 
Pipistrelle Pipistrellus murrayi and Bramble 
Cay Melomys Mclomys rubicola—have become 
extinct since 2009. 

But perhaps these recent extinctions mark 
a watershed, and there may be hope that 
the outlook for the future of the Australian 
mammal fauna is rosier than its past. To a large 
extent, it was these recent losses that catalysed 
the development of Australia’s first national 
threatened species strategy, released in July 2015 
(http://www.environment.gov.au/biodiversity/ 
threatened/publications/strategy-home). That 
strategy includes a commitment by Australia’s 
Minister for the Environment to attempt to stop 
any further avoidable extinctions. Furthermore, 
the distinctive nature of the main threats— 
introduced predators and changed fire regimes 
—that have caused mammal losses in Australia, 
actually offers some hope: these factors may be 
more controllable than those factors (such as 
extensive habitat loss) that have most affected 
biodiversity elsewhere in the world. Indeed, 
over the past few decades, there are now many 
compelling examples of the local recovery of 
threatened Australian mammal species at sites 
where feral predators have been effectively 
controlled (mostly through exclusion fencing, 
translocation to predator-free islands, use 
of guardian dogs, or intensive and sustained 
baiting) (Anon 2013; Armstrong et al. 2015). 
These programs require substantial and ongoing 
investment, but in many cases their outcomes 
have been impressive. They allow us to gain a 
perspective of life on this continent as it was 
before the shock of European settlement and 
its accompanying threats, and to realise that we 
have become accustomed to a wildlife array that 
is much depleted. These examples demonstrate 
that, for many threatened mammal species, 
recovery is possible and worthwhile; and that 
it is not an unreasonable objective to seek to 
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reverse the historic and current pervasive trend 
for decline: to restore much of the Australian 
mammal fauna. 

Such restoration of threatened mammals is a 
worthy goal in itself, but it also has significant 
collateral benefits. Many mammal species that 
now exist in much diminished numbers and 
range perform ecologically pivotal roles, mostly 
through turning over the soil, dispersing seeds 
and creating burrows used by other wildlife 
species (Eldridge and James 2009; Fleming 
et al 2014). The return of these species will 
help restore the ecological health of degraded 
landscapes. Also, many threatened mammal 
species were formerly significant in indigenous 
culture, and their loss over large areas 
contributed to the erosion of that culture, and 
to a feeling of failed responsibility for the health 
of country (Burbidge et al. 1988; Ziembicki et 
al. 2013). Several reintroductions of threatened 
mammals in Australia have been initiated and 
greatly celebrated by indigenous land-owners, 
demonstrating a deep spiritual connection 
to, and responsibility for, wildlife that should 
be instructive to all Australians (Gillen et al. 
2000). 

The conservation fate and future of 
the Victorian mammal fauna is broadly 
representative of Australia generally. The 
period from European settlement to the present 
has been catastrophic for Victoria’s native 
land mammals. Many species were extirpated 
(Menkhorst 1995). Of 91 land mammal species 
present at the onset of European settlement, 19 
species are no longer present in Victoria (a 21% 
loss), and 11 extant species are now considered 
threatened (12% of the original mammal fauna 
or 15% of the extant mammal fauna) (Table 1). 
Some species, such as the Brush-tailed Rock- 
wallaby Petrogale penicillata, Leadbeaters 
Possum Gymnobelideus leadbeateri, New 
Holland Mouse Pseudomys novaehollandiae, 
Smoky Mouse P. fumeus and Broad-toothed 
Rat Mastacomys fuscus, are now vulnerable 
and—on current trends or because of their now 
very small population or highly limited range 

—may become extinct in Victoria within a few 
decades. 

However, increasingly we know what factors 
are causing the decline of these species, and 
managers have the capability to address 
these threats effectively. But capability is 
not necessarily the same thing as reality, 
for the control of these threats may require 
considerable and sustained investment. For 
example, only a minute proportion of Victoria 
is managed to exclude introduced predators 
(such as Mt Rothwell sanctuary and the 
Royal Botanic Gardens Cranbourne Annexe), 
indicating the current mismatch between our 
capability to restore threatened mammals and 
the reality of that restoration. However, to be 
fair, and to recognise improvement and effort, 
increasingly large areas of the State are subject 
to sustained predator control programs (such 
as Glenelg Ark and Southern Ark: Homan and 
Schultz [2012]). 

The fate of Victorias mammal fauna should 
not be constrained to palliative care for the 
most imperilled. Given enhanced capability and 
willingness to control introduced predators and 
other threats, there is also realistic opportunity 
to return to Victoria a substantial suite of native 
mammals that were extirpated here, but happily 
survived elsewhere (14 species: Table 1). 
Plausible candidates for reintroduction include 
the Eastern Bcttong Bettongia gaimardi, Woylie 
Bettongia penicillata, Tasmanian Pademclon 
Thylogale billardieri, Bridled Nailtail Wallaby 
Onychogalea fraenata. Eastern Quoll Dasyurus 
viverrinus, and—perhaps more controversially 
—Tasmanian Devil Sarcophilus harrisii. There 
is a future for the Victorian mammal fauna; and 
our society can choose to redress much of the 
detriment that this fauna has suffered and to 
make its future brighter than its past. 
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Table 1. The conservation fate of Victorian land mammals. Victorian species list follows Menkhorst (1995) 
with some taxonomic updates. Status—as either extinct, extirpated in Victoria (but extant elsewhere) and 
extant in Victoria - also follows Menkhorst (1995). Conservation status (Critically Endangered, Endangered, 
Vulnerable, Near Threatened or not threatened) is that assigned nationally by Woinarski et al. (2014): it does 
not necessarily correspond to the formal listing at state or national level. The 54 native mammal species not 
considered threatened are not listed. 

Status No. of 
species 

Species 

Extinct 5 Pig-footed Bandicoot Cltaeropus ecaudatus; Eastern Hare-wallaby 
Lagorchcstes leporidcs; Toolache Wallaby Macropus greyt; White-tooted 
Rabbit-rat Cotiilurus albipes; Lesser Stick-nest Rat Leporillus apicalis 

Extirpated 
in Victoria 

14 Chuditch (Western Quoll) Dasyurttsgeoffroii; Eastern Quoll Dasyurus 
viverrinus; Red-tailed Phascogale Phascogalc calitra; Golden Bandicoot 
lsoodon auratusi Western Barred Bandicoot Peramelcs bougainville; Rufous 
Bettong Aepyprymnus rufcscens; Eastern Bettong Bettongia gaimardi; Woylie 
Bettongia penicillata; Tasmanian Pademelon Vtylogale billardieri; Bridled 
Nailtail Wallaby Ottyclwgalea fracnata; Greater Stick-nest Rat Leporillus 
conditor, Bolam’s Mouse Pseudomys bolami; Desert Mouse Pseudomys 
desertor, Plains Mouse Pseudomys australis 

Extant in Victoria; 
considered 
threatened 

11 Critically Endangered: Mountain Pygmy-possum Burramys parvus; Lead 
beaters Possum Gymtwbelideus leadbeateri; 
Vulnerable: Eastern Barred Bandicoot Perameles gunnii; Koala Phascolarctos 
cinereus; (Southern) Greater Glider Petauroides volarts; Long-footed Potoroo 
Potorous longipes; Brush-tailed Rock-wallaby Petrogalc penicillata; Grey¬ 
headed Flying-fox Pteropus polioccphalus; South-eastern Long-eared Bat 
Nyctophilus corbcni; Smoky Mouse Pseudomys fumeus; New Holland Mouse 
Pseudomys twvaehollandiac 

Extant in Victoria; 
considered Near 
Threatened 

7 Platypus Ornithorhynchus anatinus; Spotted-tailed Quoll Dasyurus macula 
tus; Brush-tailed Phascogale Phascogale tapoatafa; Yellow-bellied Glider 
Petaurus australis; Long-nosed Potoroo Potorous tridactylus; Broad¬ 
toothed Rat Mastacomys fuscus; Heath Mouse Pseudomys shortridgei 

Extant in Victoria; 
considered not 
threatened 

54 
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Abstract 
There’s nothing quite like a scenic drive along a tree-lined highway. Majestic eucalypts stand sentry like a guard 
of honour. As passengers gazing out the car window, we might not think of these narrow, highway-side reserves 
as prime habitat for wildlife. Yet in many landscapes across Victoria, ‘roadside reserves’ are all that remains of 
the pre-European woodland vegetation. This poses the question: If the only habitat left occurs along roadsides, 
what does this mean for wildlife? 1 discussed this issue at the Mammals of Victoria seminar hosted by the Field 
Naturalists Club of Victoria in March 2015, with particular reference to woodland mammals. (7he Victorian 
Naturalist 133(3) 2016,79-84) 

Keywords: roadkill studies, wildlife crossing structures, mammal risk management 

Victoria’s roadside woodlands 
To put it into perspective, in Victoria wc have 
156000 km of road travelled annually by more 
than 4 million registered vehicles (AustRoads 
2003; Australian Bureau of Statistics). The re¬ 
sulting satellite imagery is striking (Fig. 1). Most 
of Victoria’s land is within 1 km of the nearest 
road, meaning that in the vast majority of land¬ 
scapes, wildlife is living in roadsides or road- 
affected habitats. In fact, in many areas roadside 
vegetation may be the only suitable habitat that 
is left. For example, within highly-modified 
landscapes (e.g. agricultural or semi-urban 
landscapes), mature Eucalyptus woodland is 
almost entirely restricted to linear strips along 
roadsides, paddock edges and waterways (Fig. 
2). Species that depend on woodland habitats 
are, therefore, restricted largely to living near 
roads (Suckling 1984; Bennett 1988; Gilbert 
1998; van der Ree and Bennett 2003). Roadsides 
can represent high quality habitat for wood¬ 
land mammals because they often host a high 
density of large, old, hollow-bearing trees—a 
critical resource for woodland fauna, includ¬ 
ing threatened species such as the Brush-tailed 
Phascogale Phascogale tapoatafa and Squir¬ 
rel Glider Petaurus norfolcensis. Furthermore, 
just as the road network provides connectivity 
for people, the network of roadside habitats pro¬ 
vides connectivity for woodland wildlife, allow¬ 
ing them to move through otherwise fragment¬ 
ed landscapes (e.g. Suckling 1984; Bennett 1990; 
Downes et al. 1997). 'Hie ability to manage the 
negative effects of roads on wildlife is, therefore, 

Fig. 1. Map of roadless areas in south-east Australia. 
Green indicates locations more than 1 km from the 
nearest road. Source: Google Earth Engine, Global 
Roadless Area 1km buffer. Accessed 20 August 2015. 

Fig. 2. Fragmented remnant habitat for squirrel glid¬ 
ers in south-eastern Australia occurs mostly as linear 
strips along roadsides and waterways (Google Earth 
image date 14 January 2014). 
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a critical component of conservation efforts for 
many threatened species. 

The danger zone 
Living in roadsides presents several challenges 
to wildlife, and thus to the managers wishing to 
conserve it. There are many ecological impacts 
that can make roadside habitats unsuitable for 
some species (Forman et ai 2003; Donaldson 
and Bennett 2004; van der Ree et ai 2015). For 
example, edge effects, dust, noise and light pol¬ 
lution can displace the more sensitive species 
(e.g. Eigenbrod et ai 2009; Parris and Schnei¬ 
der 2009). However, here I focus on two main 
impacts of roads on species that live within 
roadside habitats: the mortality (roadkill) and 
barrier effects. 

The most obvious, and distressing, impact is 
roadkill. Common mammal victims on Aus¬ 
tralian roads include kangaroos, wallabies, 
wombats, echidna, koalas, bandicoots and pos¬ 
sums (e.g. Coulson 1982, 1997; Dique et ai 
2003; Taylor and Goldingay 2004; Russell et 
ai 2009; Bond and Jones 2014). McCall et ai 
(2010) showed that the survival rate of Squir¬ 
rel Gliders living adjacent to the Hume Freeway 
was approximately 60% lower than populations 
living more than 5 km away. Roadkill has also 
been implicated in the population decline of 
the Swamp Wallaby Wa I labia bicolor in Roy¬ 
al National Park, NSW (Ramp and Ben-Ami 
2006), and the Eastern Quoll Dasyurus viverri- 
nus, and Tasmanian Devil Sarcophilus harrisii 
after a road upgrade in Tasmania (Jones 2000). 

Roads also create barriers to movement, re¬ 
stricting access to resources and reducing dis¬ 
persal and gene How (Shepard et ai 2008; Hold- 
eregger and Di Giulio 2010). Arboreal mammals 
are particularly vulnerable to the barrier effect 
of roads, with larger roads such as the Hume 
Freeway and Goulburn Valley Highway proven 
to restrict the movement of Common Brushtail 
Possums Trichosurus vulpecula (Guile 2006) 
and Squirrel Gliders (van der Ree 2006; van 
der Ree et ai 2010). Studies from Queensland 
show that even narrow roads can be barriers 
for smaller mammal species (e.g. Burnett 1992; 
Goosem 2001). Ultimately a road can be a tip¬ 
ping point in already vulnerable populations, 
where the loss of even a few individuals through 
roadkill, or the creation of barriers that restrict 

gene flow and access to patchy resources can 
lead to rapid population declines (Bennett 1991; 
Forman etai 2003; Coffin 2007). 

Managing the risks to wildlife 
Given the extent of land already affected by 
roads, we need methods that effectively miti¬ 
gate their negative effects on wildlife. Wildlife 
fencing can reduce rates of roadkill by keeping 
animals off the road. However, fences can make 
the ‘barrier effect’ of roads worse by further re¬ 
stricting animal movements, and are detrimen¬ 
tal when species persistence depends on move¬ 
ment among multiple patches of habitat (Jaeger 
and Fahrig 2004). Wildlife crossing structures 
can allow safe passage across roads to im¬ 
prove habitat connectivity, and, when used in 
conjunction with fencing, they can simultane¬ 
ously reduce roadkill. There are many different 
types of crossing structures, but they generally 
fall into two categories: those that allow ani¬ 
mals to move over the road (e.g. rope bridges, 
land bridges, overpasses), and those that allow 
animals to move under the road (e.g. culverts, 
tunnels, creek-crossings). While crossing struc¬ 
tures are more common in Europe and North 
America (van der Ree et ai 2007, van der Ree 
et ai 2008), road agencies in Australia are in¬ 
creasingly including crossing structures in road 
projects (e.g. Taylor and Goldingay 2003; Bond 
and Jones 2008; Goldingay et at 2013). In Vic¬ 
toria, wildlife crossing structures have been 
constructed predominantly on major roads 
such as the Hume Freeway, Calder Freeway, 
Princes Highway and Peninsula Link (Abson 
and Lawrence 2003; van der Ree et ai 2008; 
Soanes et ai 2013; Soanes et ai 2015). 

One of the most famous structures in Victo¬ 
ria is the aptly-named ‘Tunnel of Love’, at the 
Mount Hotham Ski Resort. A long-term popu¬ 
lation study of the critically endangered Moun¬ 
tain Pygmy Possum Burramysparvus, revealed 
that the Great Alpine Road bisected important 
habitat patches (Mansergh and Scotts 1989). 
This barrier disrupted the social organisation 
of the local population, restricting dispersal 
in males and reducing over-winter survival 
in females. In 1985, two tunnels (0.9 x 1.2 m 
cross section) were constructed through the 
rock strata under the road to restore connec¬ 
tivity. Ongoing research showed that Mountain 
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Pygmy Possums used the tunnels, and that dis¬ 
persal and over-winter survival rates recovered 
(Mansergh and Scotts 1989). This information 
was later used in a population viability analysis, 
which suggested that while the crossing struc¬ 
ture improved the viability of the Mountain 
Pygmy Possum, the negative effect of the road 
may have been only partially mitigated (van der 
Ree et al. 2009). 

Larger underpasses can cater for a wide vari¬ 
ety of species. When the Black Forest section 
of the Caldcr Freeway was upgraded in 1997, 
VicRoads included a large wildlife underpass 
to provide connectivity between forest patches 
that were bisected by the road. The open-span 
bridge was built as an extended creek crossing, 
long enough to allow both the creek and the 
surrounding riparian vegetation to pass un¬ 
der the road. The structure was monitored five 
years after it was built, and researchers detected 
several mammal species using the underpass 
including microbats, koalas, wombats, echidna, 
possums, gliders and macropods (Abson and 
Lawrence 2003). A recent review showed that 
these open-span bridges are an effective way to 

maintain connectivity across roads for multiple 
species (Lesbarreres and Fahrig 2012). 

Aerial crossing structures, rope bridges and 
glider poles were used to reduce the impact 
of the Hume Freeway in north-east Victoria 
on arboreal mammals. A before-after research 
project was established to test their effective¬ 
ness, focusing on the ability to restore move¬ 
ment and gene flow in Squirrel Glider popu¬ 
lations. Initial studies set out to measure the 
effect of the four-lane divided highway on 
Squirrel Gliders before crossing structures were 
installed. Researchers found that where the gap 
across the freeway was wider than 50 m. Squir¬ 
rel Gliders were largely unable to cross; howev¬ 
er, where tall trees had been left in the roadsides 
and centre medians (referred to as ‘vegetated 
medians’), the animals could cross freely (van 
der Ree et al. 2010). Rope bridges and glider 
poles were then retrofitted to the freeway in 
July 2007 at five sites where the barrier effect 
occurred (Fig. 3). Motion-triggered cameras 
detected five species of arboreal mammal using 
the structures to cross the freeway, including 
the Squirrel Glider, Sugar Glider, Brush-tailed 

Fig. 3. Canopy bridge (a,c) and glider pole (b,d) installed along the Hume Freeway in north-east 
Victoria. From Soanes etal. (2013) 
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Phascogale, Common Brushtail Possum and 
Common Ringtail Possum (Soanes et al. 2013; 
Soanes etai 2015). Further radio-tracking and 
genetic research was conducted after the cross¬ 
ing structures were installed, and revealed that 
rope bridges, glider poles and vegetated me¬ 
dians all facilitated movement and gene flow 
across the Hume Freeway and that this would 
not have occurred had crossing structures not 
been present (Soanes 2014). 

There are other methods to reduce the effects 
of roads on wildlife, such as those designed 
to alter driver behaviour (e.g. warning signs), 
or repel animals from the road (e.g. reflectors 
or ultrasonic warnings). Unfortunately the 
research to date shows that these are largely 
unsuccessful (Bender 2003; Ramp and Croft 
2006; Bond and Jones 2014). Methods that 
force drivers to slow down (e.g. reduced speed 
limits, pinch points and rumble strips) have 
been shown to be effective at reducing roadkill 
in ‘hot spots’ (Jones 2000), but can be difficult 
(and unpopular) to implement over large areas. 
A potentially promising method is an auto¬ 
matic-warning system, designed with flashing 
lights that warn drivers only when an animal is 
approaching the road (Huijser and McGowan 
2003; Bond and Jones 2014). 

Opportunities and challenges for research 
and conservation in Victoria 
The importance of managing wildlife in lin¬ 
ear habitats along roads, railways and other 
infrastructure is increasingly being recognised 
in Australia and worldwide (Gilbert 1998; 
Carthew et al. 2013; van der Ree et al. 2015). 
Mammals are not the only species to benefit 
from roadside habitats. Roadside vegetation 
provides critical habitat for woodland birds 
(e.g. Robinson 2006), reptiles (e.g. Brown et al. 
2008; Jellinek et al. 2014) and insects (e.g. Ma¬ 
jor et al. 1999). Victorian roads therefore rep¬ 
resent a great opportunity for the conservation 
of native mammals and other fauna. 

The conservation value of roadsides will de¬ 
pend on our ability to manage potential con¬ 
flicts. The safety risk posed to drivers, risk of 
bushfire and spread of invasive species are all 
serious issues that must be considered, but ones 
that can be controlled through appropriate 
management, such as barrier fencing and weed 

control (Gilbert 1998). Roadside habitats are 
also vulnerable to being incrementally chipped 
away as roads are upgraded to accommodate 
higher traffic volumes. For example, during the 
last 50 years, rural highways such as the Hume, 
Western and Calder have been progressively 
widened to create four-lane freeways. However, 
road upgrades do not necessarily have to lead 
to the loss of roadside vegetation. Environmen- 
tally-sensitive road designs, such as the creation 
of wide medians to retain woodland vegetation 
and alignment of road corridors to avoid rem¬ 
nant patches, can help minimise vegetation loss, 
and are particularly important in landscapes 
that arc otherwise devoid of natural vegeta¬ 
tion. Without formal protection and considered 
planning, the extent and quality of roadside 
habitats for wildlife can decline rapidly. 

Wildlife crossing structures are a promising 
tool for managing the negative effects of roads, 
not only for woodland mammals but also for a 
range of other wildlife (van der Ree et al. 2007; 
van der Ree et al. 2015). However, a practical 
challenge to increasing the number of wildlife 
crossing structures in Victoria is that it would 
require retrofitting structures to existing roads, 
a process that can be difficult, disruptive and 
costly. One option is to take the opportunity to 
include wildlife crossing structures and other 
mitigation measures in future road upgrades, 
thus minimising the cost and disruption. An¬ 
other possibility is to modify existing struc¬ 
tures that were not specifically designed for 
wildlife, such as drainage culverts and pipes. 
For example, adding guide fencing, small ledg¬ 
es and ‘fauna furniture’ to culverts can encour¬ 
age their use by fauna while maintaining water 
flows (e.g. Brudin 2003; Foresman 2003). 

There are clear opportunities for further road 
ecology research in Victoria, For instance, there 
are surprisingly few published studies of road- 
kill on Victorian roads (although I suspect that 
many useful datasets are hidden within the 
‘grey literature’). Research that combines data 
from roadkill studies, insurance reports and 
wildlife rescue groups would help provide a 
better understanding of the extent of the road¬ 
kill problem in Victoria. For example, identify¬ 
ing hotspots, the relative risk for each species, 
and the degree to which roadkill depletes the 
surrounding population are important gaps in 
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the current knowledge. There is still work to 
be done to quantify the value of roadside habi¬ 
tats to wildlife populations. Studies that assess 
the ability of wildlife populations to persist in 
roadside habitats are needed to guide effective 
management and mitigation. Can a network of 
roadside reserves support viable populations in 
the long-term? Do species use roadsides as per¬ 
manent habitats (home range), supplementary 
resources (feeding on grasses etc.), or simply 
as movement corridors? Finally, we need more 
studies that test the effectiveness of mitigation 
measures such as wildlife crossing structures. 
While it is evident that animals will use these 
structures, the next step is to determine wheth¬ 
er they improve the population persistence 
within a landscape (van der Grift et ai 2013). 
Only through careful research and manage¬ 
ment will we be able to maximise the value of 
roadside habitats for wildlife, and continue to 
enjoy our scenic woodland drives. 
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One hundred and one years ago 

[continued from p 71] 

This continued till the young one, coming fairly in contact with the mother’s hip, was sent spinning from 
the pouch, high in the air, to fall bruised and breathless on the ground. “I have picked up scores of‘joeys’ 
dropped thus,” said Mr. Briggs. “All were injured aeross the loins, and all I carried home died within 
twenty-four hours ...” ... our friend offered to bet us that the young “roo” would be found dead in the 
morning, despite the care the children would lavish upon it. The following morning, whilst viewing the 
colour scheme of early dawn, one of the children approached us, and in an awed way intimated that the 
young “roo” had died during the night. Here, then, is the bald fact that the young kangaroo’s vacation of 
the pouch during the mother’s wild career from her pursuers is not brought about by an act of maternal 
solicitude, as is alleged, but by an accident which is beyond the mother’s power to avert or control. 

From The Victorian Naturalist Vol. XXXII, pp 15-16, May 6, 1915 
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An overview of actions to conserve Leadbeater’s Possum 

Gymnobelideus leadbeateri 

Dan Harley 

Wildlife Conservation & Science Department, Zoos Victoria 

PO Box 248, Healesville, Victoria 3777. Email address: dharley@zoo.org.au 

Abstract 
The severe impacts of the Black Saturday bushfires in 2009 on Leadbeaters Possum Gymnobelideus leadbeateri 
populations has escalated the urgency to implement effective conservation measures for this species. This has 
been reflected in the positions of both the Victorian and Australian Governments, where more actions are be¬ 
ing implemented for the species than at any previous time. However, significant debate still surrounds the most 
effective suite of actions required to conserve the species, and several reports highlight the need to implement 
stronger protection measures. The following paper provides a short outline of key developments over recent 
years and the major actions currently underway to conserve Leadbeaters Possum. Appendix 1 provides a bib¬ 
liography listing key publications from 2012-2016. (The Victorian Naturalist 133(3) 2016,85-97) 

Keywords: Leadbeaters Possum, Gymnobelideus leadbeateri, threatened species conservation 

Conservation Listing 

In 2015, after an extensive review by the Aus¬ 
tralian Governments 'Threatened Species Sci¬ 
entific Committee, the conservation listing of 
Leadbeaters Possum Gymnobelideus leadbeat¬ 
eri under the Environment Protection and Bio¬ 
diversity Conservation Act 1999 was upgraded 
from ‘Endangered’ to ‘Critically Endangered’ 
due to the very severe magnitude of recent and 
projected population declines (Threatened Spe¬ 
cies Scientific Committee 2015). Based on the 
available data, the Threatened Species Scientific 
Committee (2015) concluded that Leadbeaters 
Possum populations have declined in size by 
more than 80% over the past 18 years (estimat¬ 
ed from the extent of habitat loss or degrada¬ 
tion) and further declines exceeding 80% are 
projected over the coming 18 years, amounting 
to an anticipated population decline of more 
than 96% over a 36 year period (Australian 
Government 2016). 

In an independent assessment of the species’ 
conservation status for the Action Plan for 
Australian Mammals (2012), Woinarski et al. 
(2014) also assessed the species’ conservation 
status to be ‘Critically Endangered’ according 
to the IUCN Red List Guidelines. 

The Victorian Department of Environment, 
Land, Water and Planning (DELWP) currently 
lists Leadbeaters Possum as ‘Endangered’ on its 

Advisory List of Threatened Fauna in Victoria 
2013. 

Australian Government 
In the Australian Government’s Threatened 
Species Strategy (2015-2020), Leadbeater’s 
Possum has been identified as one of two mam¬ 
mal species identified for emergency interven¬ 
tion (Australian Government 2015a). 

In September 2015, the Australian Govern¬ 
ment released an Action Plan for the species 
outlining high-level commitments that in¬ 
cluded: preparation of a new National Recov¬ 
ery Plan for the species by mid-2016 (the cur¬ 
rent National Recovery Plan for Leadbeater’s 
Possum was prepared in 1997); funding to 
conduct radio-tracking in montane ash forest 
using GPS collars as part of the National En¬ 
vironmental Science Programmes Threatened 
Species Recovery Hub; research into manage¬ 
ment techniques to create suitable understorey 
conditions and increase den site availability; 
and funding through the 20 Million Trees Pro¬ 
gramme to undertake habitat restoration for 
lowland Leadbeaters Possums at several sites 
including Yellingbo Nature Conservation Re¬ 
serve and the Coranderrk bushland adjoining 
Healesville Sanctuary (Australian Government 
2015b). 
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Victorian Government 
In 2013, the Leadbeaters Possum Advisory 
Group (LPAG) was convened by the Victorian 
Government to provide advice to the then Min¬ 
ister for Environment and Climate Change and 
Minister for Agriculture and Food Security on 
Leadbeaters Possums conservation. LPAG’s 
Terms of Reference stated that the recommen¬ 
dations should include, but not be limited to: 
• immediate actions to manage the near-term 

risks of decline of the species; and 
• medium and longer-term actions focused on 

ensuring the persistence of the species and 
its co-existence with a sustainable timber 
industry. 

LPAG was co-chaired by Jenny Gray (CEO, 
Zoos Victoria) and Lisa Marty (CEO, Victorian 
Association of Forest Industries) and included 
the CEO of VicForests, CEO of Parks Victoria 
and Chair of the Leadbeater s Possum Recovery 
Team. The Victorian Department of Environ¬ 
ment and Primary Industries (now DELWP) 
played an important role in compiling tech¬ 
nical information underpinning the LPAG 
recommendations. Following the production 
of two reports, the Leadbeaters Possum Advi¬ 
sory Group (2014a) Recommendations and the 
Leadbeaters Possum Advisory Group (2014b) 
Technical Report, LPAG was disbanded, having 
fulfilled its stated purpose. Leadbeaters Possum 
Advisory Group (2014b) provides an evalua¬ 
tion of the relative impact of various potential 
recovery actions for the species. The Victorian 
Government at the time fully supported the 
implementation of the 13 LPAG recommenda¬ 
tions and allocated $11 million to support their 
implementation. DELWP currently oversees 
the implementation of these actions through 
a Project Control Board and Implementation 
Committee. 

In 2014, DELWP revised the Action State¬ 
ment for Leadbeaters Possum to refiect the 13 
LPAG recommendations (DELWP 2014). 

The Leadbeaters Possum Recovery Team is 
currently inactive, having last met early in 2014. 
Past members arc awaiting advice from DEL¬ 
WP on whether the group will be re-convened. 
Whilst the recovery team lacked decision-mak¬ 
ing power and funding, it did provide a valu¬ 
able forum for coordination across projects and 

stakeholders, and facilitated discussions about 
study design and interpretation of results. 

In November 2015, the Victorian Govern¬ 
ment announced the Terms of Reference for a 
Forest Industry Taskforce that will make rec¬ 
ommendations about the future of the timber 
industry in Victoria, including the Central 
Highlands. The conservation of Leadbeaters 
Possum has been specifically identified as a 
key area to be addressed. The Taskforce in¬ 
cludes representatives from the Construction 
Forestry Mining and Energy Union, Victorian 
Association of Forest Industries, Australian 
Sustainable Hardwoods, Australian Paper, har¬ 
vest and haulage contractors, The Wilderness 
Society Victoria, MyEnvironment, Victorian 
National Parks Association and the Australian 
Conservation Foundation. The Taskforce is due 
to provide the Victorian Government with rec¬ 
ommendations during 2016. 

Distribution 
Leadbeaters Possums distribution is restricted to 
a 70 x 80 km area in the Victorian Central High¬ 
lands, with one outlying lowland population at 
Yellingbo Nature Conservation Reserve (Harley 
2004n). The total area of potentially suitable for¬ 
est within the species’ range is approximately 
200000 ha, albeit large areas are degraded due to 
past fires and timber harvesting. 

Across its range, the possum inhabits three 
distinct forest types: montane ash forest, sub- 
alpine woodland, and lowland swamp forest 
(Harley 2004a). Notably, montane ash forest 
accounts for 96% of the area of potentially suit¬ 
able forest. 

Alontane ash forest 
While the limits of the species’ distribution are 
well understood (Smith et al. 1985; Smith et al. 
1989; Lindenmayer et al 1989), a detailed un¬ 
derstanding of site occupancy throughout the 
highlands is lacking and has long been a major 
knowledge gap. Targeted surveys are currently 
underway in an attempt to address this (Nelson 
et al. 2015). However, there is a very detailed 
understanding of the species’ habitat require¬ 
ments in montane ash forest, and the key habi¬ 
tat features that provide high quality habitat 
conditions are well understood (Smith and Lin¬ 
denmayer 1988; Smith and Lindenmayer 1992; 
Lindenmayer et al 199hi, 1991b, 2014). 
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Sub-alpine woodland 
Extensive, targeted surveys have been complet¬ 
ed or are currently underway on the three ma¬ 
jor plateaus supporting sub-alpine woodland 
across the species’ range (i.e. Lake Mountain, 
Mt Bullfight and Baw Baw plateau) (Harley and 
Antrobus unpubl. data). An assessment of the 
Mt Matlock area will occur during 2016-17 as 
part of Project Possum (see below). 

Lowland swamp forest 
Despite a widespread occurrence in lowland 
forests near Westernport Bay prior to 1900, 
Leadbeaters Possum is now confined to a sin¬ 
gle lowland site at Yellingbo Nature Conserva¬ 
tion Reserve, where the species distribution has 
been thoroughly surveyed and mapped (Harley 
et al 2005). 

Current surveys 
There are two major projects currently focused 
on surveying for Leadbeaters Possum to in¬ 
crease our distributional knowledge: 

1. Arthur Rylah Institute for Environmental 
Research surveys 
The Arthur Rylah Institute for Environmental 
Research has a major survey programme for 
Leadbeaters Possum currently underway based 
on one of the key LPAG recommendations. 
The work uses camera trapping as the princi¬ 
pal survey method (Nelson et al. 2015). Tree 
canopy specialists are engaged to install cam¬ 
eras at greater heights (3-36 m) than in previ¬ 
ous camera trapping for the species conducted 
by Harley et al. (2014). The surveys are focused 
in State Forest, and especially in the areas 
modelled as having 65% likelihood of occur¬ 
rence for the species (Nelson et al. 2015). In the 
2014/15 financial year, 113 sites were surveyed, 
resulting in the detection of Leadbeaters Pos¬ 
sum at 50 new sites (Nelson et al. 2015). This 
includes the detection of the species at 15 of 42 
sites (36%) designated for timber harvesting on 
the Timber Release Plan. The 50 new detection 
sites have now been protected from timber har¬ 
vesting with 200 m radius buffers (12.6 ha). The 
survey programme will continue in 2015/16. 

In 2012, the Arthur Rylah Institute for Envi¬ 
ronmental Research conducted targeted sur¬ 
veys for Leadbeater s Possum as part of a larger 
forest biodiversity study (Lumsden et al. 2013). 

Call playback surveys were undertaken at 180 
sites (122 in State Forest and 58 in parks and 
reserves; 150 unburnt in 2009 and 30 burnt 
sites in 2009) using a thermal camera to assist 
animal detection (Lumsden et al. 2013). Each 
site was surveyed at least twice. Leadbeaters 
Possums were detected at 29 of the 180 survey 
sites (16%; 22 sites in State Forest and 7 sites 
in parks and reserves). Notably, no Leadbeaters 
Possum detections occurred at sites burnt in 
2009. The latter finding is consistent with the 
post-fire monitoring results obtained by the 
Australian National University (Lindenmayer 
et al. 2013a), and highlights that the species is 
highly sensitive to fire (see ‘Fire section below). 

2. Project Possum surveys 
Project Possum is a collaborative project be¬ 
tween Parks Victoria, Zoos Victoria and the 
Friends of Leadbeaters Possum that aims to 
provide long-lasting ncstboxes (constructed 
from recycled plastic) at strategic locations 
throughout Leadbeaters Possums range in the 
Victorian Central Highlands. The objectives 
vary depending on the forest type: 
• sub-alpine woodland - to install nestboxes 

to survey Leadbeaters Possums distribu¬ 
tion and abundance and monitor post-fire 
recolonisation; 

• montane ash forest - to install nestboxes to 
provide additional den sites at targeted loca¬ 
tions to reduce the rate of territory abandon¬ 
ment when dead trees with hollows (stags) 
used lor denning decay and collapse (see 
Harley 2006). 

Currently there are 416 nest boxes installed 
as part of Project Possum (243 in sub-alpine 
woodland and 173 in montane ash forest). One 
hundred and thirty-eight nest boxes (57%) in 
sub-alpine woodland show evidence of use by 
Leadbeaters Possum (i.e. nesting material). 
However, the nest box usage rate increases 
to 81% (153 of 190 nest boxes) if only those 
nest boxes positioned in patches of sub-alpine 
woodland that were not burnt in 2009 are fac¬ 
tored into this calculation. Notably, pre-fire at 
Lake Mountain 28 of 30 nest boxes (93%) were 
colonized by the species over five years. In un- 
burnt sub-alpine woodland on the Baw Baw 
plateau, 84 of 108 nest boxes (78%) contain 
nest material within two years of installation. 
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In montane ash forest, nest box occupancy 
rates are lower, with 51 of the 173 nest boxes 
(29%) showing evidence of use by the species 
(i.e. nest material). 

In the 2014/15 financial year Project Possum 
completed 30 camera trap surveys at seven lo¬ 
calities to determine the presence/absence of 
Leadbeaters Possum at proposed or established 
nestbox sites. A total of 243 nestbox inspections 
were also completed at eight different localities. 
Sixty of these nestboxes (25%) contained Lead- 
beaters Possum nesting material. 'Ihis survey 
effort resulted in 59 new site records (44 in na¬ 
tional park and 15 in state forest) for Leadbeat¬ 
er s Possums at 12 localities. During 2014/15, a 
total of 66 new nestboxes were also installed at 
new survey localities at Snobs Creek and on the 
Baw Baw plateau. 

There are some important caveats relating 
to both of the studies listed above. Some cau¬ 
tion is required when interpreting presence/ 
absence survey data generated for this species 
given that site viability/spccies persistence in 
the long-term (> 50 years) may vary widely 
among the locations currently occupied (i.e. 
based on future hollow-bearing tree availabili¬ 
ty). Hence, the recent records do not change the 
high extinction risk due to the poor condition 
of habitat. While effective in some situations, 
nestboxes have several shortcomings (Linden- 
mayer et al. 1991c, 2009) and provide no benefit 
to other hollow-dependent fauna, and should 
be regarded as only an interim measure until 
an adequate number of tree hollows can be re¬ 
stored across the landscape (Harley 2006). 

In addition to the survey projects listed above 
there arc several additional sources of distribu¬ 
tional data for Leadbeaters Possum: 
• since 1988, the Fauna Survey Group of the 

Field Naturalists Club of Victoria has con¬ 
ducted 5-10 stagwatches per year for Lead¬ 
beaters Possum. In total, they have surveyed 
179 sites between 1988 and 2015, with the 
possum detected at 56 (31%) of these sites (R 
Gibson pers. comm.). 

• VicForests are in the process of initiating 
camera trapping surveys for Leadbeaters 
Possum on coupes proposed for timber har¬ 
vesting. 

• Several individuals have been conduct¬ 
ing regular surveys for Leadbeaters Pos¬ 
sum in areas proposed for timber harvest¬ 
ing. DELWP has recently purchased survey 
equipment for call playback surveys that is 
available for loan to community members to 
facilitate and support community surveys for 
the species. 

DELWP has prepared a threatened Species 
Survey Standard: Leadbeaters Possum (down¬ 
loadable from the DELWP website) that pro¬ 
vides information on survey techniques, evi¬ 
dence required to confirm Leadbeaters Possum 
records, the process for submitting records 
and the verification process. They have also 
launched the Leadbeaters Possum Interactive 
Map on the web which includes several spatial 
layers, including Leadbeaters Possum records, 
Forest Management Zones, the Timber Release 
Plan, and sites where 200 m radius protection 
buffers (that exclude timber harvesting) have 
been applied. 

Survey techniques 
During the 1980s, 1990s and early 2000s, stag¬ 
watching has been the major survey technique 
for Leadbeaters Possum in montane ash forest 
(Smith et al. 1989; Lindenmayer et al. 2003). 
The Australian National University and Field 
Naturalists Club of Victoria have been the main 
groups applying this method. 

In lowland swamp forest, the main survey 
method employed since the mid-1990s has 
been the use of nestboxes (Harley 2004b). 
However, extensive stagwatching and call imi¬ 
tation has also been conducted (Harley 2015). 

In sub-alpine woodland, nestboxes have been 
the major survey method employed since the 
early 2000s as part of Project Possum (Harley 
and Antrobus unpubl. data). 

Since the 2009 Black Saturday fires, two 
new survey techniques have been employed 
for Leadbeaters Possum. The first is camera 
trapping, whereby heat-and-motion sensing 
cameras are directed at a bait positioned ap¬ 
proximately 2 m away (Harley et al. 2014). Hol¬ 
land et al. (2012) undertook extensive testing 
of the method to evaluate its effectiveness and 
reliability; however, camera installation was 
restricted to heights of 4 m and thus surveys 
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were restricted to sites with dense vegetation 
structure at low heights (< 6 m). More recently, 
the Arthur Rylah Institute for Environmental 
Research has adopted this method using tree 
canopy specialists to install cameras at greater 
heights (up to 36 m) in montane ash forest 
(Nelson et al. 2015). 

The second survey method employed since 
2009 is call playback with thermal imaging 
cameras. The Arthur Rylah Institute for Envi¬ 
ronmental Research led this work (Lumsden et 
al. 2013). The use of thermal cameras in combi¬ 
nation with call playback significantly improved 
the ability of observers to detect the species in 
those instances when possums were attracted 
to the broadcast calls, and represents a major 
technological advancement. However, based on 
call imitation results in lowland swamp forest, 
Harley (2015) highlights that the method has 
not been adequately tested and several key bio¬ 
logical questions remain, including: variation 
in response rates between colonies and accord¬ 
ing to the type and volume of the call that is 
broadcast, position in the territory where calls 
are broadcast (e.g. core part of territory vs terri¬ 
tory boundaries, proximity to the den), time of 
night, season and moon-phase. Two key central 
questions are how many visits are required to 
a site to reliably conclude species absence (i.e. 
what is the ‘false negative rate), and what is the 
distance over which animals will respond given 
this ultimately determines the area of forest be¬ 
ing surveyed and will inform spacing between 
sampling sites. Results from Yellingbo highlight 
that there is a strong likelihood of ‘false nega¬ 
tive survey results for sites that arc visited on 
just one or two occasions (Harley 2015). 

The risk of‘false negative results also applies 
to the other survey techniques employed to 
detect Leadbeaters Possum. The greatest confi¬ 
dence (i.e. highest detection probability) will be 
achieved cither when a single technique is ap¬ 
plied on multiple occasions or when more than 
one survey method is employed. An example 
of the latter includes the recent use of camera 
trapping at sites where nestboxes remain unoc¬ 
cupied in order to determine whether this is 
attributable to absence of the species from the 
site or a low rate of nestbox colonisation (Har¬ 
ley and Antrobus unpubl. data). 

Population Monitoring 
Montane ash forest 
The Australian National University has 175 
one hectare monitoring sites spread across the 
Central Highlands where they monitor hollow¬ 
bearing tree availability and arboreal mammal 
presence/absence. A subset of these sites have 
been monitored since the early 1980s (Lin- 
denmayer 2009) and 11 additional sites were 
added to the programme following the 2009 
Black Saturday fires (D Blair pers. comm.). This 
is one of the most comprehensive data sets of 
its type in the world and highlights the posi¬ 
tive correlation between hollow-bearing tree 
abundance and the presence of Leadbeaters 
Possum (Smith and Lindenmayer 1988, 1992; 
Lindenmayer et al. 199In, 2014). The rate of 
stag collapse has been described in detail by 
Lindenmayer et al. (1990, 1997, 2012, 2013n). 
rIhe latest results indicate that 50% of the stags 
being monitored have fallen between 1997 and 
2015 (D Blair pers. comm.). 

Sub-alpine woodland 
Leadbeaters Possum was detected at 28 of 30 
(93%) nestbox sites at Lake Mountain prior to 
the 2009 Black Saturday fires (Harley unpubl. 
data). Post-fire, the species was detected at 
only one (3%) of these 30 sites, and expanded 
surveys detected only one additional colony 
on the plateau, indicating that the fire resulted 
in greater than 95% mortality on the plateau 
(Harley and Antrobus unpubl. data). Annual 
monitoring has been maintained since 2009 
to examine post-fire recolonisation. Currently 
there are three known colonies on the plateau 
following at least three separate recolonisation 
events by individuals or colonies since 2009 
(Harley and Antrobus unpubl. data). 

In 2010, work also commenced at Mt Bull¬ 
fight to determine post-fire persistence and 
recolonisation by Leadbeaters Possum. To 
date, the species has been detected in 41 of 52 
nestboxes (79%) there (Harley and Antrobus 
unpubl. data). Prior to 2016, the species was 
absent from the central part of the plateau that 
was burnt at highest severity, and the surviving 
possums are associated with montane riparian 
thickets on the slopes that were burnt at lower 
severity. 
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Lowland swamp forest 
Annual population monitoring has been un¬ 
derway since 1996 for the last lowland popu¬ 
lation of Leadbcaters Possum at Yellingbo 
Nature Conservation Reserve (Harley 2005; 
Harley and Antrobus unpubl. data). Yellingbo 
is a closed population and > 80% of the total 
population is sampled each year via nestboxcs, 
so the data collected provides a detailed insight 
into population dynamics (Harley 2005). Sev¬ 
eral measures of population condition are eval¬ 
uated annually, including total population size, 
colony sizes, colony persistence through time, 
reproductive rates, and annual recruitment. 
The monitoring also provides extensive data on 
survivorship, longevity and dispersal. Fifteen 
colonies have been lost (i.e. territories aban¬ 
doned) at Yellingbo since 2003 due to a severe 
decline in vegetation condition, translating into 
a population decline of-60%. The current pop¬ 
ulation estimate is approximately 48 individu¬ 
als (Harley and Antrobus unpubl. data). 

Genetics 
Hansen (2008) investigated the population ge¬ 
netics of Leadbcaters Possum. The study was 
based largely on 198 samples collected from 
animals at Yellingbo and 162 samples collect¬ 
ed from animals at Lake Mountain. Despite 
montane ash forest accounting for 96% of the 
habitat available for Leadbeaters Possum, only 
18 samples from four extant populations in 
montane ash forest were available for analysis, 
accounting for just 5% of possums sampled 
(Hansen et al. 2009). A key finding was that 
the last lowland population at Yellingbo is ge¬ 
netically distinct from montane populations 
with the isolation pre-dating European ar¬ 
rival. The Yellingbo population shares genetic 
affinities with historic populations in lowland 
habitats near Westernport Bay (Hansen et al. 
2009). Further genetic sampling has been un¬ 
dertaken at Yellingbo between 2011 and 2015 
to permit an analysis of recent genetic changes 
in the population following the reduction in 
population size. In November 2015, Profes¬ 
sor Paul Sunnucks in the School of Biological 
Sciences at Monash University submitted an 
Australian Research Council (ARC) Linkage 
Grant application to examine genetic rescue in 
several threatened species, including an inves¬ 

tigation into future genetic management op¬ 
tions for the small, isolated lowland population 
(e.g. the benefits and risks of gene pool mixing 
with highland possums). Increased sampling 
of highland populations is also required to im¬ 
prove our understanding of patterns of genetic 
diversity across montane habitats. 

Additional research 
Vegetation impacts from habitat disturbance 
'Hie Australian National University initiated 
a major study following the 2009 fires, inves¬ 
tigating the relationship between vegetation 
condition and disturbance. This work com¬ 
pares several variables, such as species richness 
and vegetation structure, across sites that are 
unlogged and unburnt, burnt at high severity, 
burnt at low severity, clearfell logged and sal¬ 
vage logged (D Blair pers. comm.). A key find¬ 
ing with implications for Leadbeaters Possum 
is that midstorey species are reduced in abun¬ 
dance at sites that have been subject to logging 
(D Blair pers. comm.). 

Habitat fragmentation 
During 2011 and 2012, the Australian Re¬ 
search Centre for Urban Ecology (ARCUE) 
radio-tracked Leadbeaters Possums in the 
Powelltown area to investigate whether the spe¬ 
cies regularly cross roads or whether roads are 
likely to fragment local populations. ARCUE 
also investigated the effectiveness of eight rope 
bridges on increasing road crossing rates, and 
found that Leadbeaters Possums do utilise rope 
bridges (L Harrison pers. comm.). The results 
of this research are currently being prepared for 
publication. 

Increasing den site availability 
Hollows, with internal dimensions matching 
those of the nestboxes installed for Leadbeaters 
Possum, have been mechanically excavated in 
living eucalypts by tree canopy specialists using 
chainsaws. To date, 72 hollows have been exca¬ 
vated, with nine (13%) containing Leadbeaters 
Possum nest material within four months of 
creation (DELWP 2015b). The University of 
Melbourne, DELWP and VicForests also have 
an ARC Research Grant to investigate accel¬ 
eration of hollow development in montane ash 
forest. 
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Spatial ecology 
Lindenmayer and Meggs (1996) and Harley 
(2005) used radio-tracking to examine daily 
den site use in montane ash forest and lowland 
swamp forest, respectively. To date, the only 
extensive night radio-tracking of the species to 
examine home range size and movements has 
been undertaken at Yellingbo (Harley unpubL 
data). ANU is currently working with radio 
telemetry companies to develop a GPS collar 
that would permit the collection of nocturnal 
movement data in the Central Highlands. 

Forest Management 
The LPAG (2014a) recommended 13 actions 
be implemented immediately to help conserve 
Leadbeaters Possum. The majority of actions 
described below are derived from this work. 
In an assessment of the relative impact of vari¬ 
ous recovery actions completed by LPAG, the 
Great Forest National Park was identified as the 
conservation action with the highest benefit to 
the possum (LPAG 2014b). However, given that 
the LPAG Terms of Reference specified that 
consideration would be given to ‘persistence of 
the species and its co-existence with a sustain¬ 
able timber industry, the Great Forest National 
Park was excluded from the recommendations 
given its impact on the Victorian timber indus¬ 
try. This has led to some criticism of the LPAG 
recommendations (Lindenmayer et al. 2015). 
Population viability modelling completed by 
the Arthur Rylah Institute for Environmental 
Research in 2013 indicated the current reserve 
system is inadequate to conserve the species in 
the long-term (Lumsden ct al. 2013). 

The implementation of the LPAG recom¬ 
mendations during 2014/15 has included 
amendments to the Forest Management Zon¬ 
ing Scheme to create Special Protection Zone 
(SPZ) buffers measuring 200 m in radius (12.6 
ha) in State Forest for 124 sites (encompass¬ 
ing 238 Leadbeaters Possum records collected 
from 1998-2013 and 64 new records collected 
during 2014/15 (DELWP 2015b)). Buffers 
of 100 m (totalling to 751 ha) have also been 
placed around areas modelled to contain old 
growth (DELWP 2015b). 

The definition of Zone 1A habitat for Lead¬ 
beaters Possum, which identifies habitat in 
State Forest to be excluded from timber har¬ 

vesting, has been revised from 12 or more live, 
mature hollow-bearing ash trees per three hec¬ 
tare patch to 10 or more live, mature or senes¬ 
cent hollow-bearing ash trees per three hectare 
patch (DELWP 2015b). 

To assist the identification of high quality 
habitat (e.g. Zone 1A), DELWP are investigat¬ 
ing the effectiveness of LIDAR remote sensing 
technology combined with aerial survey data to 
map old trees and the density of midstorey veg¬ 
etation that provides important habitat struc¬ 
ture for Leadbeaters Possum (DELWP 2015b). 

Timber harvesting has been delayed for two 
years (2014-2016) in 14800 ha of forest mod¬ 
elled as having a 65% probability of occupancy 
by Leadbeaters Possum to permit targeted sur¬ 
veys for the species to be completed (DELWP 
2015b). This includes deferral for 63 coupes 
approved for timber harvesting on the Timber 
Release Plan. 

Regrowth Retention Harvesting (as opposed 
to clearfell harvesting) has been completed 
on 23 coupes in Leadbeaters Possums range, 
accounting for 42% of the area of ash forest 
harvested (DELWP 2015b). Retention harvest¬ 
ing involves the retention of habitat islands on 
coupes and factors in both the area retained 
and the spatial configuration of that habitat 
(i.e. the retained habitat may total -30% of the 
coupe area, with the islands distributed so that 
the majority of the harvested area falls within 
one tree height (60 m) of retained forest). The 
retained trees are at least 50 years old and ex¬ 
cluded from harvesting for at least one rota¬ 
tion. Modified post-harvest burning was also 
applied to 16 Regrowth Retention Harvesting 
coupes in an attempt to improve the survival of 
retained trees (DELWP 2015b). 

In order to increase the area of old forest 
across the Central Highlands, targets have 
been set to protect at least 30% of the ash for¬ 
est within each Leadbeaters Possum Manage¬ 
ment Unit from timber harvesting so that it can 
mature into old growth forest (DELWP 2015b). 
It is estimated that prior to European settle¬ 
ment, 30-60% of the Mountain Ash forests of 
the Central Highlands were multi-aged or old 
growth (Lindenmayer et al 2013b). However, 
due to fires and past management, <2% is cur¬ 
rently estimated to be old growth or multi-aged 
forest (Lindenmayer et al. 2015). Lindenmayer 
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et al. (2013b) highlight that in order to achieve 
30% old growth in each Leadbeaters Possum 
Management Unit, we should in fact be aiming 
for 50% at the outset as future fires will impact 
the area of forest that is set aside to mature. 

Fire 
In the Black Saturday bushfires of 2009, ap¬ 
proximately 68000 ha (34%) of suitable forest 
types within Leadbeaters Possums range was 
burnt, and significantly, ~ 13000 ha (45%) of 
the permanent reserve system established to 
conserve the possum was burnt. 

Data collected following the bushfires of 
2009 has revealed that Leadbeaters Possum 
is far more fire-sensitive than was previously 
recognised. There are three key sources of data, 
all demonstrating the severe fire impacts on the 
species: 
1. Lindenmayer et al. (2013n) recorded Lead¬ 

beaters Possum on just 1.3% of 45 sites that 
were burnt in 2009, compared to 27.3% of 63 
unburnt sites. They also found that the pos¬ 
sum was less abundant on unburnt sites sur¬ 
rounded by burnt habitat, indicating that the 
footprint of the fire is greater than just the 
area burnt. Across 68 one-hectare, long-term 
monitoring sites that were burnt in 2009, 
Lindenmayer et al. (2012) found that 79% 
of live hollow-bearing trees were killed and 
57-100% of large, dead trees were destroyed 
in the fire. 

2. Lumsden et al. (2013) detected Leadbeaters 
Possum at none of the 30 sites surveyed in 
forest that was burnt in 2009, compared to 29 
of 150 (19%) unburnt sites. Subsequent sur¬ 
veys to examine fire refugia detected the pos¬ 
sum in just six of 37 (16%) unburnt patches 
of forest (with intact canopy and midstorey) 
surrounded by burnt forest. The smallest un¬ 
burnt patch where possums were detected 
was ~ 10 ha in size, and the detections were 
2.6 - 9.8 km from the edge of burnt forest. 

3. Pre-fire and post-fire monitoring of the 
Leadbeaters Possum population inhabiting 
sub-alpine woodland on the Lake Mountain 
plateau revealed the loss of the species from 
28 of 29 (97%) occupied sites that were burnt 
in 2009 (Harley and Antrobus unpubl. data). 
Pre-fire, the subpopulation was estimated to 
contain 200-300 individuals, and post-fire 

monitoring results indicate that <10 individ¬ 
uals survived the fire on the plateau. Hence, 
the fire resulted in a mortality rate exceeding 
95% at this locality. 

These results highlight the catastrophic 
impacts that fires have on this species, and 
are of major concern given predictions of 
increased fire frequency over coming decades. 
The loss of hollow-bearing trees in the 2009 
fire (Lindenmayer et al. 2012) has also greatly 
exacerbated the tree hollow scarcity across the 
Central Highlands. 

A recent analysis by Taylor et al. (2014) 
examined the impact of timber harvesting on 
subsequent fire intensity, and found that 7-40 
year-old regeneration from timber harvesting 
has a greater likelihood of burning at a high 
severity. 

DELWP has developed a decision tree 
and protocols to guide interventions for 
Leadbeaters Possum populations following fire 
events (DELWP 2015b). 

Habitat Restoration (lowland swamp forest) 
There is approximately 180 ha of lowland 
swamp forest in the Cockatoo Creek section 
of Yellingbo Nature Conservation Reserve. 
However, due to a severe deterioration in 
vegetation condition during the past 25 years, 
less than 25 ha (<15%) is currently estimated 
to provide high quality habitat conditions for 
lowland Leadbeaters Possums (and Helmeted 
Honeyeaters). The main causes for the decline 
in vegetation condition at Yellingbo are: 
(i) severe eucalypt dieback due to altered hy¬ 

drology, and 
(ii) the lack of an appropriate disturbance re¬ 

gime to promote natural regeneration of eu- 
calypts, paperbarks and tea tree. 

Effective habitat restoration and an appropriate 
ongoing management regime are essential 
requirements to recover lowland Leadbeaters 
Possum (and Helmeted Honeyeater) 
populations at Yellingbo and beyond. Over 
the past two years, significant progress has 
been made to better integrate hydrological 
management, vegetation management and 
threatened species management at Yellingbo. 
Following several years of data collection and 
modelling, Melbourne Water is in the final 
design stages of a hydrological restoration 
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plan targeting sections of the floodplain. 
During 2013-15, almost 400000 stems were 
planted at Yellingbo by Greening Australia, 
Parks Victoria and the Friends of Helmeted 
Honeyeater with funding from the Victorian 
Governments Two Million Trees Programme 
and the Judith Eardley Save Wildlife Fund. 
During 2015-18, a further 792000 stems will 
be planted for Helmeted Honeyeaters and 
lowland Leadbeaters Possums by Greening 
Australia, the Friends of Helmeted Honeyeater 
and Healesviile Sanctuary with binding from 
the Australian Governments 20 Million Trees 
Programme. In 2016, an ARC Linkage project 
will commence, being led by the University 
of Melbourne (with the Australian National 
University, Parks Victoria, Greening Australia, 
Melbourne Water and Zoos Victoria as project 
partners), investigating the effectiveness of 
various habitat restoration techniques in 
floodplain forest. 

Captive-breeding 
In 2012, Zoos Victoria initiated a captive¬ 
breeding program to protect the genetically 
distinct lowland population of Leadbeaters 
Possum (Harley 2012). The triggers for this 
intervention were the unique genetics in the 
population and the extremely high extinction 
risk in the short-term. The objectives are to 
provide insurance against the extinction of the 
last lowland population, and provide a future 
source of animals to re-populate restored habi¬ 
tat at Yellingbo and several additional locations 
(i.e. risk-spreading against fire). In order to 
minimise impacts on the wild population, the 
collection rate of founders for captive-breeding 
has been restricted to 3-6 individuals per year. 
Currently, 15 individuals are held at Healesviile 
Sanctuary as part of the breeding programme 
and no successful breeding has yet occurred. 
The current target size for the captive-breeding 
population is 12 pairs. 

A project is being developed to investigate 
future genetic management options for the 
lowland population, including the potential 
crossing of lowland and highland possums to 
determine fitness consequences and establish 
whether this is a viable means of increasing 
genetic diversity in the lowland population 
through carefully managed matings. 

The captive-breeding program is linked with 
a major habitat restoration program that is 
underway for the Helmeted Honeyeater (Li- 
cheuostomus melanops cassidix) and lowland 
Leadbeaters Possum (see above). Suitable 
floodplain forest is also being restored in the 
Coranderrk Bushland that adjoins Healesviile 
Sanctuary, with future plans to release captive- 
bred Leadbeaters Possums there so that the 
breeding program includes free-ranging indi¬ 
viduals. 

There is no captive-breeding program in place 
or proposed for the core Leadbeaters Possum 
populations inhabiting montane forest in the 
Central Highlands. 

Discussion 

The combined actions currently underway for 
Leadbeaters Possum by government, universi¬ 
ties and community groups amount to greater 
recovery effort being implemented than at any 
previous time. Yet population declines continue, 
and the risk of extinction remains unacceptably 
high (Lumsden et at. 2013; Threatened Spe¬ 
cies Scientific Committee 2015; Lindenmayer 
et al. 2015). This reflects the severe population 
declines arising from the Black Saturday bush- 
fires in 2009 and the significant conservation 
challenges facing the species given the poor 
condition of habitat and the ongoing risk posed 
by fire. Contention remains about the suite of 
actions required to conserve the species (Lin¬ 
denmayer and Possingham 2013; Lindenmayer 
et al. 2015), highlighted by several differences 
between the recommendations of Lindenmayer 
et al (2013b) and those of the LPAG (2014a). 
Notably, several government reports have iden¬ 
tified the inadequacy of the current reserve 
system to conserve the species in the long-term 
(Lumsden et al. 2013, LPAG 2014b; Threatened 
Species Scientific Committee 2015). In its as¬ 
sessment of Leadbeaters Possums conservation 
listing under the EPBC Act 1999, the Austral¬ 
ian Government s Threatened Species Scientific 
Committee stated 

The Committee considers the most effective way 
to prevent further decline and rebuild the popu¬ 
lation of Leadbeaters possum is to cease timber 
harvesting within montane ash forests of the 

Central Highlands (Threatened Species Scientific 
Committee 2015). 
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It is very clear that the conservation of 
Leadbeaters Possum requires improved 
habitat management and, in particular, 
increased provision of high quality habitat 
characterised by abundant hollow-bearing 
trees. The combination of past fires and timber 
harvesting has degraded large areas of forest 
across the species’ range, with more than 50% 
of the total habitat available for the species 
adversely impacted by fire, timber harvesting 
or hollow depletion due to stag collapse since 
the year 2000. 

Hollow-bearing trees, a critical resource for 
Leadbeaters Possum, arc now in extremely 
short supply across much of the Central High¬ 
lands (Lindenmayer et ai 1990, 1997, 2012, 
2013rt)> in part due to the legacy of extensive 
salvage logging that followed the 1939 Black 
Friday wildfire (Lindenmayer and Ough2006). 
Of the 529 3-ha sites assessed by Lindenmayer 
et at. (1990), 28% had no hollow-hearing trees 
and 65% had fewer than five trees possessing 
hollows. This situation has worsened greatly 
during the past 25 years due to ongoing stag 
collapse, further timber harvesting and the 
impacts of the 2009 fire (Lindenmayer et al 
2012). 

Extensive data describe the strong 
positive relationship between the presence 
of Leadbeaters Possum at a site and the 
abundance of hollow-bearing trees (Smith 
and Lindenmayer 1988, 1992; Lindenmayer 
et al 199 In, 2014). While there arc locations 
where the species persists in the presence of 
few hollowing-bearing trees, such sites are at 
high risk of abandonment over time owing 
to stag collapse (see Lindenmayer et al. 1990, 
1997, 2012, 2013a), and so have lower viability 
in the long-term (i.e. > 50 years). With this in 
mind, presence-absence survey data should be 
interpreted with caution, as in some instances 
they may not provide a good representation of 
the long-term viability of local populations. 

Two distinct mechanisms are driving the 
decline of Leadbeaters Possum populations. 
The first involves gradual, ongoing population 
declines in local areas due to deterioration 
in habitat quality from stag collapse, timber 
harvesting, and vegetation dieback in lowland 
forest. The second process driving substantial 

population declines is fire, which is episodic, 
covers large spatial areas and has catastrophic 
impacts on both habitat condition and possum 
populations. Detailed case studies exist for both 
mechanisms. For instance, the well documented 
population decline in response to ongoing 
habitat degradation at Yellingbo provides a 
good illustration of the risks associated with 
the ongoing forest degradation in the Central 
Highlands. Ihe exceedingly high mortality 
rate on the Lake Mountain plateau in the Black 
Saturday fires, and loss of the species from 
virtually all montane ash sites burnt in 2009 
(Lindenmayer et al. 2012; Lumsden et al. 2013) 
highlights that the species is extremely sensitive 
to fire, and a robust conservation strategy for 
Leadbeaters Possum needs to encompass risk¬ 
spreading strategies to contend with future 
fires. 

The conservation of Leadbeaters Possum 
presents some unique challenges, given the 
following considerations: 
• the species’ distribution is restricted to an ex¬ 

tremely small geographical area; 
• timber harvesting and fires over the past 75 

years have greatly diminished the abundance 
of hollow-bearing trees across the landscape 
(Lindenmayer et al. 2012); 

• future population declines are inevitable due 
to the ongoing loss of hollow-bearing trees 
caused by natural decay and collapse of stags 
created in the 1939 ‘Black Friday’ fire (Lin¬ 
denmayer et al. 1990, 1997, 2013a); 

• the development of hollows suitable for den¬ 
ning is an extremely slow biological process 
(>190 years) (Smith and Lindenmayer 1988; 
Lindenmayer et al. 1991b), so actions taken 
now may not provide strong benefits for sev¬ 
eral decades; 

• the species is highly sensitive to fire (Linden¬ 
mayer et al. 2013a; Lumsden et al. 2013) and 
fires kill and/or destroy hollow-bearing trees 
at a very high rate (Lindenmayer et al. 2012); 

• fire can impact large areas of habitat over 
short periods of time; and 

• fire frequency is expected to increase under 
various climate change scenarios. 

The key elements required to conserve 
Leadbeaters Possum include: 
(a) increased protection of remaining habitat, 

especially hollow-bearing trees; 
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(b) large areas of forest must be allowed 
to mature to increase the quantity of 
high quality habitat as soon as possible, 
particularly in fire-protected parts of the 
landscape. The regeneration from the 1939 
Black Friday bush fire will play a critical role 
in achieving this; and 

(c) interim management strategies should be 
implemented that support populations 
through coming decades while we 
regenerate high quality habitat. Notably 
(a) and (b) above will also have significant 
benefits for more than 30 species of hollow- 
dependent fauna in the Victorian Central 
Highlands, so the conservation outcomes 
extend well beyond Leadbeaters Possum. 

The effectiveness of actions is scale- 
dependent. Actions targeting individual 
colonies are likely to have minimal impact 
on population recovery at a landscape scale. 
The possums conservation should be viewed 
in terms ot the need to restore and protect 
substantial possum ‘neighbourhoods’, not small 
clusters of colonies, across the species’ entire 
range as risk-spreading against fire. 

To ensure Leadbeaters Possum survives, more 
needs to be done to compensate for past impacts 
on the forest from fires and timber harvesting 
over the past 75 years. Better knowledge of the 
species’ distribution (and genetic diversity) 
throughout the Central Highlands will provide 
an important foundation to inform immediate 
management interventions to support local 
populations and to provide a baseline against 
which we can assess population change over 
time and ultimately measure the effectiveness 
of our actions. 
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Eastern Barred Bandicoot being released at Woodlands Historic Park after the bi-annual 

population monitoring in March 2016. Photo M Norman. 
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Abstract 
'Hie mainland subspecies of Eastern Barred Bandicoot is extinct in the wild due to fox predation and habitat 

loss, but has been successfully reintroduced into several predator-fenced reserves within its former range. In 

the 27 years since the Eastern Barred Bandicoot Recovery Team was formed, there have been reintroduction 
successes and failures. Importantly, there have been lessons learnt, and now this multi-agency recovery team 

has an ambitious plan to move Eastern Barred Bandicoot conservation from simply preventing extinction to 
recovering and down-listing the mainland subspecies. Over the next five years the recovery team is planning 

to roll out projects involving fences, islands and guardian dogs. Some projects are novel and may not succeed, 
but if two are successful, we stand a good chance of recovering this subspecies from near extinction and remov¬ 

ing the Eastern Barred Bandicoot from the threatened species list. (Vie Victorian Naturalist 133(3) 2016,98-102) 

Keywords: Eastern Barred Bandicoot, recovery, predator-barrier fence, island introduction, 
Maremma guardian dogs 

Introduction 
Many species are being driven to extinction by 
anthropogenic activities that have resulted in 
habitat loss and alteration, species introduc¬ 
tions, pollution and climate change (Mace et 
at. 2008). In Australia, Red Foxes Vulpes vulpes 
and Cats Felis catus pose a major and intrac¬ 
table threat to populations of native wildlife 
(Dexter and Murray 2009; Coates 2013; Sharp 
et at. 2014). To improve the conservation status 
of threatened species, the threatening process 
leading to their extirpation must be removed 
or considerably reduced, (Short 2009, Mor¬ 
ris et at. 2015). This can be achieved in situ by 
managing protected areas, or via translocations 
(Seddon et at. 2014). Factors that can improve 
the success of translocations include appropri¬ 
ate founder numbers, greater genetic diver¬ 
sity of founders, source of founder population, 
suitable habitat and size of the release area 
(Fischer and Lindenmayer 2000; Short 2009; 
Morris et at. 2015). 

The Eastern Barred Bandicoot Perameles gun- 
nii (mainland form, un-named subspecies) is 
a Critical Weight Range species (Johnson and 
Isaac 2009) weighing <1 kg. It was formerly 
found across the basalt plains of south-western 
Victoria, inhabiting grassy woodlands and 
feeding on a variety of invertebrates and plant 
matter (Scebeck 1979; Dufty 1991). The intro¬ 

duction of the Red Fox and extensive habitat 
alteration and destruction that occurred with 
European settlement resulted in >99% habitat 
loss, widespread population decline (Back¬ 
house et at. 1994) and a subspecies that is now 
listed as extinct in the wild (Advisory List of 
Threatened Vertebrate Fauna in Victoria 2013). 

In 1989 the Eastern Barred Bandicoot Re¬ 
covery Team was formed in response to a sus¬ 
tained decline of the last remaining mainland 
wild population in Hamilton, Victoria. The first 
action of the recovery team was to translocate 
wild bandicoots from Hamilton to reintroduc¬ 
tion sites, where foxes could be managed or ex¬ 
cluded. Winnard and Coulson (2008) reviewed 
the eight mainland reintroduction sites; each 
had varying degrees of fox presence and bandi¬ 
coot population establishment success. All re- 
introduction sites that could not be kept free of 
foxes ultimately failed (Winnard and Coulson 
2008). 

The Eastern Barred Bandicoot has several 
traits that make it ideal for successful recovery. 
Gestation is just 12.5 days, young are weaned 
at 55 days and are capable of breeding from 3 
months with breeding possible throughout the 
year (Backhouse et at. 1994). They are able to 
exploit modified habitats such as the Hamilton 
refuse tip, agricultural areas in Tasmania and 
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areas severely overgrazed by macropods (Back¬ 
house et at. 1994, Driessen et at. 1996, Winnard 
et al. 2013). Their primary habitat requirement 
is that release areas are fox-free. 

Current Eastern BarredBandicoot popula¬ 
tions 

The only way to establish viable populations of 
Eastern Barred Bandicoots within their historic 
range is to exclude foxes by surrounding rein¬ 
troduction sites with predator-barrier fences. 
There are currently three reintroduction sites 
surrounded by these fences: Mount Rothwell 
Biodiversity Interpretation Centre, Woodlands 
Historic Park and Hamilton Community Park- 
lands. Mount Rothwell, near Little River, is a 
420-ha privately owned reserve and the only 
site that has remained fox-free since bandicoots 
were released there in 2004. It is also the only 
site that has never experienced a bandicoot 
population extinction and currently holds the 
largest population of mainland Eastern Barred 
Bandicoots, at around 600 individuals (unpubl. 
data). Woodlands Historic Park, 20 km north 
of Melbourne, was the first Eastern Barred 
Bandicoot reintroduction site in 1989, but is¬ 
sues with kangaroo management and a fence 
that did not effectively exclude foxes resulted 
in the decline of this population to extinction 
(Winnard and Coulson 2008). In 2010, Con¬ 
servation Volunteers Australia partnered with 
Parks Victoria in managing this site, upgrading 
the fence and removing all foxes. After three 
continuous months of no fox sign within this 
235 ha reserve, 47 bandicoots were released in 
2013. Tin's population is now estimated at 340 
individuals (unpubl. data). Hamilton Com¬ 
munity Parklands in south-west Victoria is 
the smallest reintroduction site at 100 ha. Tills 
site also has a long history with Eastern Barred 
Bandicoots, with the first release occurring in 
1989, but as at Woodlands Historic Park, this 
fence did not exclude all foxes and the popu¬ 
lation declined to undetectable levels in 2004 
(Winnard and Coulson 2008). In 2007, after 
the fence was upgraded, Eastern Barred Ban¬ 
dicoots were re-released and the population 
did well until further fox incursions started in 
2013. These foxes proved difficult to remove 
and had a catastrophic impact on the bandi¬ 

coot population, which declined to less than 
20 individuals (unpubl. data). Conservation 
Volunteers Australia has now partnered with 
the Department of Environment, Land, Wa¬ 
ter and Planning. Together they have restored 
the Hamilton fence and eradicated foxes from 
the reserve. In April 2016, 20 bandicoots were 
released into the reserve to boost genetic di¬ 
versity and help return the Eastern Barred 
Bandicoot population to its former glory. 

The captive breeding program at Zoos Vic¬ 
toria has been instrumental in preventing the 
extinction of this subspecies. Starting in 1991 at 
Healesville Sanctuary (Krake and Halley 1993) 
with 23 individuals, nine institutions have suc¬ 
cessfully bred Eastern Barred Bandicoots for 
release (in alphabetical order: Healesville Sanc¬ 
tuary, Kyabram Fauna Park, Melbourne Zoo, 
Monarto Fauna Complex, Sercndip Sanctuary, 
Taronga Zoo, Taronga Western Plains Zoo and 
Werribee Open Range Zoo). A total of 888 ban¬ 
dicoots have been produced in captivity, with 
551 released into eight reintroduction sites. 
Today the primary role of the captive breed¬ 
ing program is to hold an insurance population 
until the mainland Eastern Barred Bandicoot is 
secure in the wild, but offspring produced are 
still released as founders into new sites along 
with free ranging individuals from other rein¬ 
troduction sites. 

The Plan for Recovery 
With only 800 ha of fox-free land and a long¬ 
term captive breeding program, the Eastern 
Barred Bandicoot recovery team has so far been 
able to prevent the extinction of this subspe¬ 
cies. However, to recover this subspecies and 
remove it from the Advisory List of Threatened 
Vertebrate Fauna in Victoria, more fox-free 
land needs to be secured. The Eastern Barred 
Bandicoot recovery team is embarking on an 
ambitious plan to increase population size to at 
least 2500 individuals, to prevent further loss in 
genetic diversity (Hill et al. 2010), using pred¬ 
ator-barrier fences, islands and guardian dogs. 

Fences 
Predator-barrier fences are frequently used 
to protect endangered species from preda¬ 
tion by introduced mammals (Moseby et al. 
2011; Young et al. 2013; Norbury et al. 2014). 
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There are differences in opinion over whether 
the high cost of constructing predator-barrier 
fences has significant conservation benefit 
(Scofield et al. 2011; Innes et al 2012). In terms 
of the Eastern Barred Bandicoot, predator- 
barrier fences that exclude all foxes have so far 
been the only proven method to allow bandi¬ 
coot populations to establish and persist for at 
least 10 years. For this reason, a new fenced re¬ 
serve will be established. Tiverton Station, near 
Mortlake in western Victoria, will be Victorias 
largest fenced reserve at around 1000 ha and 
capable of holding at least 1000 Eastern Barred 
Bandicoots. Fencing is due to be completed in 
2017, followed by Red Fox, Cat and European 
Rabbit eradication ahead of a proposed bandi¬ 
coot release in 2018. Construction of the fence 
is expected to cost around $700000. This, com¬ 
bined with the cost of regular (ideally daily) 
fence checks and maintenance to ensure the re¬ 
serve remains fox free, makes this an expensive 
conservation initiative. While predator-barrier 
fences are effective, their limited size and sig¬ 
nificant ongoing management costs make them 
unsuitable on their own for the long-term 
recovery of this subspecies. Therefore, Eastern 
Barred Bandicoot conservation needs to move 
beyond the fence. 

Islands 
Offshore islands, free from introduced preda¬ 
tors, are increasingly being used as release sites 
for threatened species (Seddon et al. 2015). 
Although sometimes controversial, assisted 
colonisation to islands has been critical for 
preventing the extinction of some species, for 
example Rufous Hare Wallaby Lagorchestes 
hirsutus (Richards 2012), Gilbert’s Potoroo Po- 
torous gilbertii (Stead-Richardson et al. 2010), 
Kakapo Strigops Uabroptilus (Lloyd and Powle- 
sland 1994) and Little Spotted Kiwi Apteryx 
owetiii (Jolly and Colbourne 1991). In Victoria, 
French Island and Phillip Island appear to con¬ 
tain suitable habitat for Eastern Barred Bandi¬ 
coots (unpubl. data) and are fox free, or in the 
case of Phillip Island, are near fox free (Rout 
et al. 2014). These islands offer an alternative 
solution to fences but as they occur outside of 
the Eastern Barred Bandicoot historic distri¬ 
bution there is some uncertainty around the 
ability of bandicoots to establish and maintain 

populations on them. A trial release of 18 non¬ 
breeding bandicoots on French Island occurred 
in 2012 (Groenewegen 2014). This trial found 
that the habitat on French Island was suitable 
for Eastern Barred Bandicoots but highlighted 
an issue with feral Cats that would need to be 
addressed prior to any further releases (Groe¬ 
newegen 2014). A trial release of breeding 
Eastern Barred Bandicoots on fox and cat free 
Churchill Island, a 57 ha island off Phillip Is¬ 
land, is currently underway. These bandicoots 
will be monitored for 2 years to determine how 
they use the habitat and how they might in¬ 
fluence island flora and fauna. This will allow 
a more informed decision on the suitability 
of Eastern Barred Bandicoots for release onto 
French and Phillip Islands. As both of these 
islands are inhabited, community engagement 
and involvement in the decision making pro¬ 
cess is a critical part of these island projects. 

Guardian Dogs 
For centuries livestock guardian dogs have 
been used to protect domestic animals from 
predation in Europe and Asia (van Bommel 
and Johnson 2012). They do this by form¬ 
ing strong bonds with the animals they guard 
and fiercely protect them from predators by 
confrontation, actively maintaining a terri¬ 
tory and deterring predators from entering 
and using that area (van Bommel and Johnson 
2014) . In 2006 Maremma guardian dogs were 
deployed on Middle Island near Warrnambool, 
Victoria to protect Little Penguins Eudyptula 
minor from Red Fox predation (Bourchier 
2015) . Tliis has resulted in a steady increase in 
colony size and breeding success (Bourchier 
2015). Following the success of this project, a 
novel trial is planned to test whether Marem- 
mas can sufficiently reduce fox and cat densities 
or alter their behaviour to allow the establish¬ 
ment of Eastern Barred Bandicoot populations. 
As bandicoots are small and nocturnal they 
would be difficult for Maremmas to bond with, 
therefore around 10 sheep will be deployed at 
trial locations for the dogs to bond to. There 
are three trial sites proposed; Tiverton Station, 
Mooramong and a third yet to be determined 
site. At each site, 50 ha will be fenced to contain 
bandicoots, dogs and sheep, but access by foxes 
and cats will be permitted. Foxes and cats in 

100 The Victorian Naturalist 



Contributions 

the area will be radio-collared before and dur¬ 
ing deploying guardian dog deployment to test 
whether they alter their behaviour in response 
to dog presence. If there is active avoidance of 
the area by introduced predators, approvals 
will be sought from the Victorian Transloca¬ 
tion Evaluation Panel to release bandicoots 
into the site to test whether they can establish 
a population. If bandicoot populations can 
become established in these areas, it may not 
always be necessary to confine Eastern Barred 
Bandicoots behind predator-barrier fences or 
on islands. This would make significantly more 
land available on mainland Australia where 
Eastern Barred Bandicoots could flourish. The 
technique could potentially have wider applica¬ 
tions in conserving many other Critical Weight 
Range species that are threatened with extinc¬ 
tion by fox and cat predation. 

Conclusion 
The Eastern Barred Bandicoot recovery team is 
embarking on ambitious plans to recover this 
subspecies from near extinction. Some projects 
may be unsuccessful, but if just two succeed, we 
should see the return of wild, free ranging pop¬ 
ulations in Victoria and stand a good chance of 
removing the Mainland Eastern Barred Bandi¬ 
coot from the threatened species list. 
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Motion camera photo of a female Southern Brown Bandicoot (eastern subspecies) Isoodon obesulus obcsulus 
with radio transmitter on tail, Bunyip. Photo by Sarah Maclagan. 
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Abstract 
This paper summarises some preliminary findings on the utilisation of narrow linear strips of habitat by the 
endangered Southern Brown Bandicoot Isoodon obesulus obesulus in the former Koo Wee Rup Swamp region 
of south-central Victoria. Results from trapping and radio-tracking at six linear sites revealed that bandicoots 
can occur in relatively high numbers, breed and live as long-term residents in narrow strips of vegetation, even 
when these occur in close proximity to residential areas. Some individuals also made use of food and nesting 
resources in the surrounding matrix. This study highlights the adaptability of the Southern Brown Bandicoot 
and emphasises the value of linear habitats to conserve this species in an otherwise highly modified landscape. 
It also lends weight to the possibility of using linear strips of habitat to accommodate the species in newly ur¬ 
banising areas and potentially to maintain connectivity with adjacent sub-populations. (The Victorian Naturalist 

133(3) 2016, 103-106) 

Keywords: bandicoot, urbanisation, linear habitat, wildlife corridor, anthropogenic resources 

Most lands are fortunate in possessing some inoffensive animal which is ready to 
accept a truce with man, and assume the part of a friendly dependant. 
Australia has been blessed by possessing an unusual number of such animals, but it is 
Australia’s distinction that almost all of them have been pressed to the very verge of 
extinction, and one of the most to be regretted is the little Short-nosed Bandicoot. 

Frederic Wood Jones, 1924, p. 140. 

Introduction 

Bandicoots in Australia have generally fared 
very poorly since European settlement, with 
three of the original 11 species having become 
extinct, two surviving only on offshore islands 
and all showing a reduction in range (Tindale- 
Biscoe 2005). 

The Southern Brown Bandicoot (eastern sub¬ 
species) Isoodon obesulus obesulus was report¬ 
edly once widespread and common in suitable 
habitat throughout south-eastern Australia 
(Coates et al 2008), preferring areas with sandy 
soils and dense understorey vegetation subject 
to occasional fire (Braithwaite 1995). However, 
the taxon is now listed as ‘endangered’ under 
the Environmental Protection and Biodiversity 
Conservation Act (1999) and as ‘threatened’ 
under the Victorian Flora and Fauna Guarantee 
Act (1988). Major threats include habitat loss or 
modification, inappropriate fire regimes, intro¬ 
duced predators, and isolation of populations 
(Brown and Main 2010). 

Within Victoria, the Southern Brown Ban¬ 
dicoot occurs in a number of disjunct popula¬ 
tion clusters (Coates et al. 2008). Of these, the 
south-central’ cluster occurs within the most 
human-populated region—extending from 
the eastern and south-eastern suburbs of Mel¬ 
bourne, across the Mornington Peninsula and 
the catchment of Western Port Bay, and along 
the Bass Coast to Cape Liptrap and Wilsons 
Promontory (Coates et al. 2008). Within the 
greater Melbourne area, the species has retreat¬ 
ed with a wave of local extinctions emanating 
outwards from the city as urban development 
expanded (Coates et al. 2008). The closest ban¬ 
dicoot population to Melbourne now occurs at 
the ~350 ha bushland annexe of the Royal Bo¬ 
tanic Gardens in Cranbourne, where a moder¬ 
ately dense and stable population is protected 
by a predator-proof fence (Coates et al. 2008). 
The long-term viability of this very important 
population is the subject of great concern due 
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to the extension of Melbourne’s Urban Growth 
Boundary in 2010, which now encloses the 
Gardens and will allow residential development 
to surround them (e.g. see Practical Ecology 
2010). 

Outside the Urban Growth Boundary to the 
east, a more scattered bandicoot population is 
currently persisting across the wide area once 
covered by the ‘Koo Wee Rup’ or 'Great’ Swamp 
and its immediate surrounds. The swamp was 
drained from the 1870s to 1960s to allow agri¬ 
cultural use of the fertile lands (Yugovic 2011) 
and is now a highly modified rural landscape 
with scattered residential townships. Although 
very little indigenous vegetation remains, the 
region is traversed by narrow strips of native 
and exotic vegetation following the network of 
drainage channels, roadsides and railway lines. 
These vegetated strips appear to be offering 
critical bandicoot habitat despite close contact 
with humans, introduced predators, domestic 
pets and livestock (Coates et al. 2008; Ecology 
Australia 2009). 

The only other significant known bandi¬ 
coot population remaining in the vicinity of 
the former Koo Wee Rup Swamp is found at 
Quail Island, approximately 10 km south of the 
Cranbourne Botanic Gardens. Southern Brown 
Bandicoots were only discovered on the island 
in 2009 and population numbers are currently 
unknown, but thought to be substantial (Mal¬ 
colm Legg pers. comm.). 

An immediate priority for the ongoing con¬ 
servation of the Southern Brown Bandicoot in 
this region is to improve and maintain connec¬ 
tivity between isolated sub-populations (Ecol¬ 
ogy Australia 2009). Given increasing pressure 
from urbanisation—around the Royal Botanic 
Gardens at Cranbourne and also surrounding 
residential townships in the former Koo Wee 
Rup Swamp region—this poses a considerable 
challenge. 

The aim of my research was to investigate the 
ecology of bandicoots currently living within 
linear habitats throughout the former Koo Wee 
Rup Swamp region, in order to gain insight into 
how we can accommodate them as urbanisa¬ 
tion continues. Although data analysis is still 
ongoing, some preliminary results are dis¬ 
cussed below. 

Preliminary Research Findings 
I trapped and radio-tracked bandicoots at six 
linear sites throughout 2012-2014. Each site 
consisted of a narrow strip of mixed native and 
exotic vegetation situated alongside a road, 
drain or railway line within a largely rural (and 
sometimes partly residential) matrix. 

Breeding activity (i.e. females carrying pouch 
young) was observedfat all six sites. Bandicoots 
living in the linear strips displayed high site fi¬ 
delity, generally remaining within the same sec¬ 
tion for as long as they continued to be tracked 
(up to 17 months). Males tended to use longer 
sections (up to 1390 m) than females (up to 
440 m). Some individuals regularly crossed 
gravel roads, railway lines and small drains to 
access vegetation on the other side, exhibiting 
some tolerance for crossing water and open 
areas. While most bandicoots concentrated 
their activity within the vegetated strips, many 
included other parts of the matrix within their 
regular movement paths. During such forays, 
individuals often appeared to be making use of 
anthropogenic resources for feeding or nesting. 
For example, both direct observations and dis¬ 
cussions with landholders suggested that many 
bandicoots were accessing food sources in¬ 
tended for pets or other domestic animals (e.g. 
for rabbits, cats, dogs, sheep, pigs, parrots and 
chickens). 

Although most individuals nested predomi¬ 
nantly within the vegetated strips (often under 
exotic plant species), some were also tracked to 
nest sites under buildings, refuse or ornamen¬ 
tal garden plants (e.g. Agapanthus spp., Fig. 
1) within the matrix. Surprisingly, some nests 
established within linear strips were located in 
dense grass (often introduced Kikuyu spp.) very 
close to the road edge (<2 m). 

Interestingly, the highest number of bandi¬ 
coots was consistently recorded at the site with 
the most urbanised matrix (up to 14 individu¬ 
als were captured along a 475 m transect over 
four nights). Unlike the other five sites, which 
were situated in predominantly rural land¬ 
scapes, albeit with some large ‘lifestyle proper¬ 
ties nearby, this site on the outskirts of the Koo 
Wee Rup township was bordered along one 
side by a residential housing estate. This site 
was also where the greatest number of bandi- 
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coots appeared to be using anthropogenic food 
sources in the adjacent residential area. 

Discussion and conclusions 
This study highlights the potential of narrow 
linear strips of vegetation to provide valuable 
habitat for the endangered Southern Brown 
Bandicoots, even in a highly modified land¬ 
scape. It has shown that the species can occur 
in high numbers, breed and live as long-term 
residents within such strips, even when they are 
in close proximity to residential areas. 

While the vegetated strips themselves are 
clearly essential, the matrix may also offer im¬ 
portant resources such as supplementary food 
and nesting sites. Analysis of bandicoot health 
samples obtained during field work will hope¬ 
fully shed light on whether such ‘artificial* food 
is having any adverse impacts on bandicoot 
wellbeing. 

Previously, it was unknown whether bandi¬ 
coots sighted along linear strips across the for¬ 
mer Koo Wee Rup Swamp were living within 
them permanently or simply moving through. 
This work confirms that the strips provide habi¬ 
tat for the species. Further research is needed 
to determine whether strips also act as corri¬ 
dors for dispersal movements. However, in the 
former Koo Wee Rup Swamp landscape where 
little other habitat is available, it appears likely 
that linear strips have at least some role to play 
in maintaining connectivity by virtue of the fact 
that they create a relatively continuous network 
of occupied habitat. 

In conclusion, this study demonstrates the 
adaptability of the Southern Brown Bandicoot 
and its ability to persist (and perhaps even 
thrive, under the appropriate conditions) in 
narrow strips of vegetation within an otherwise 
heavily modified landscape. It also suggests the 

Volunteer Hannah indicating location of a male bandicoot radio-tracked to his nest under Agapanthus in 
suburban garden opposite the roadside vegetation strip. Photo Sarah Maclagan. 
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possibility of designing linear strips of habitat 
to accommodate the species in newly urban¬ 
ising areas. In consideration of the expanded 
Urban Growth Boundary around the Royal 
Botanic Gardens Cranbourne, these results 
lend support to the proposition that linear 
strips of habitat could be vital components 
within the suite of management techniques 
available to maintain functional connectivity 
between important bandicoot sub-populations 
into the future. 
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Changes in Victoria’s mammal fauna since European settlement 

John Harris 

Director and Principal Zoologist, Wildlife Experiences P/L 

7/19 Braemar Street, Croydon, Vic 3136; Email: john@wildlifeexperiences.com.au 

Abstract 
The number of mammal species recorded in Victoria continues to increase since European settlement, from 
less than 40 prior to 1850 to over 160 in 2014. The increases have been due to introductions of exotic species, 
discovery oi new species cither by new surveying techniques, opportunistic sightings and taxonomic clas¬ 
sification often involving DNA analysis. Twenty-eight species are no longer found in Victoria, including eight 
native species that have become extinct, 16 natives no longer found here and four introduced species. Many 
of our remaining native fauna are threatened due to the continued impacts from introduced fauna or those of 
humans. {The Victorian Naturalist 133(3) 2016, 107-119) 

Keywords: Mammals, Fauna, Victoria 

Introduction 
Victorias First successful British settlement be¬ 
gan in late 1834 and since then, the mammal 
fauna of Victoria has been in a state of flux as 
the number of species that have been recorded 
in Victoria continues to rise. There are at least 
161 species of mammals that have been record¬ 
ed, or believed to have occurred, in Victoria 
since settlement. This number combines the 
species described in Menkhorst (1996) and Van 
Dyck et ai (2013) and those recorded from the 
State in the last five years but not mentioned in 
either publication. The latest new mammal was 
recorded in September 2014. This number does 
not take into account any ongoing splitting of 
taxa (by DNA analysis) to full species, particu¬ 
larly within the microbats. 

Of these 161 species, 42 species are marine 
mammals of which 35 are cetaceans (whales, 
dolphins etc.) and seven are species of sea-lion, 
fur seal or seal. The rest are terrestrial mam¬ 
mals, either indigenous or introduced. Not 
counting the Ferret Mustclla furo, which at 
this stage hasn’t been recorded as breeding in 
the wild in Victoria, there have been 19 intro¬ 
duced species, including the Dingo Cams lupus 
dingo, recorded from Victoria since settlement. 
A number of these were introduced in the 19th 
and 20th centuries by the Acclimatisation Soci¬ 
ety of Victoria (Menkhorst 1996). 

Victoria has only one endemic mammal, the 
Leadbeaters Possum Gymnobelideus leadbeat- 
eri, which is one of our State faunal emblems 

(Fig. 1). 

The Early Days of Settlement 
For the first 25 years or so of permanent Euro¬ 
pean settlement, mammals were recorded op¬ 
portunistically across what is now the state of 
Victoria. Seebeck (1995) estimated the number 
of mammal species recorded pre-1854 to be 33, 
bearing in mind that some records of animals 
such as the bettongs, potoroos, flying-foxes and 
rats could not be assigned to a particular species. 

It was not until William Blandowski was 
commissioned by the Victorian Government to 
travel to north-western Victoria to make inves¬ 
tigations on the natural history of the district 
and collect specimens for the National Muse¬ 
um, that any formal fauna survey was under¬ 
taken (Menkhorst 1996). 
During the Blandowski Expedition of 1856-57, 
39 mammal species were recorded during this 
‘survey’. However, as the specimens were col¬ 
lected far and wide there is some doubt as to 
whether all were collected in Victoria. Two such 
species, the Kultarr Antcchinomys laniger and 
Greater Bilby Macrotis lagotis were collected 
during this expedition but because of the habi¬ 
tat preferences of the two species, Menkhorst 
(1996) considers their existence in Victoria un¬ 
substantiated or equivocal. For this reason, and 
because it doesn’t appear in Van Dyck as being 
previously found in Victoria, the Kultarr is not 
included here, in Table 1. 

While Blandowksi returned to Europe in 
1859, it was left to Gerard Krefft, the painter 
and naturalist on the expedition, to publish his 
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Fig. 1. Leadbeater’s Possum Gytnnobelideus leadbeateri, Ada, Victoria. 'Ibis is Victoria’s faunal emblem and its 
only endemic mammal. 

detailed records during his time as Curator at 
the Australian Museum (Kreftt 1866). 

In the very first edition of Vie Victorian 
Naturalist, Forbes-Leith and Lucas (1884) pub¬ 
lished the Catalogue of the Fauna of Victoria, 
which was a simple checklist of the 57 known 
mammals of the time. Some of the species are 
difficult to identify accurately or are now not 
known to have existed in Victoria at the time of 
settlement. However, Forbes-Leith and Lucas 
did mention five marine species in their list. 

In 1950, CW Brazenors book Vie Mammals of 
Victoria listed 64 species of terrestrial mammal, 
along with three ‘seals’ and four whales. What 
was of interest in the book was his reference 
to species that were, or at least thought to be, 
extinct in Victoria, such as the Rabbit Bandi¬ 
coot (Greater Bilby), Leadbeaters Possum and 
Mitchell’s Hopping Mouse Notomys mitchelli. 
At this time it was thought that Victoria had 
two endemic species, the Leadbeater’s Possum 

and Smoky Mouse Pseudomys {Gyomys} (sic.) 
fumeus (Brazenor 1950). RTM Pescott, the Di¬ 
rector of the National Museum of Victoria, in 
his foreword to Brazenors book, pointed out 
that 

Already in our own lifetime we have seen such 
mammals as the Toolach [sic.] Wallaby disap¬ 
pear from South Australia, and some of the Rat 

Kangaroos from Victoria. (Brazenor 1950, p. 5). 

The hopping mouse was later written about by 
Brazenor himself, including reports of its exist¬ 
ence in the Little Desert (Bennett and Lumsden 
1996). 

Since the publication of Brazenors ground¬ 
breaking work, there have been numerous ad¬ 
ditions to, and rediscoveries of, the mammal 
fauna of Victoria. This is partly due to compre¬ 
hensive field surveys and research into the tax¬ 
onomy of our suite of mammals, with the latter 
continuing to this date. 

Eleven years after the publication of Bra- 
zenor’s book, and throughout the next decade, 
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a number of significant mammalian discoveries 
occurred in Victoria. These included: 
• the rediscovery of the Leadbeater’s Possum in 

1961 after an absence of 52 years. Brazen or 
(1950) had stated that ‘this species was, ap¬ 
parently, never common, and may now be 
extinct’ (p. 40); 

• the discovery of a small mammal by skiers 
at Mt Hotham inside their ski lodge. It was 
taken to the Fisheries and Wildlife Depart¬ 
ment for identification and was identified 
as a Mountain Pygmy-possum Burratnys 
parvus, a species only known and described 
from fossil deposits in New South Wales in 
1896 (Menkhorst 1996); 

• the discovery of the New Holland Mouse 
Pseudomys novaehollandiae in 1970 from the 
Mornington Peninsula. Brazenor (1950) had 
considered this species extinct in Victoria. 

The period until the mid-1980s was a fertile 
one for the recording of additional species 
for the State, with Heath Mouse Pseudomys 
shortridgei, Silky Mouse P. apodemoides, Pauci- 
dent Planigale Planigale gilesi, Common Wal¬ 
laroo Osphranter robustus, Southern Ningaui 
Ningaui yvonnae, Little Pygmy-possum Cer- 
cartetus lepidus and other species all being re¬ 
corded in Victoria for the first time. 

With the discovery, and subsequent naming, 
of the Long-footed Potoroo Potorous longipes 
in 1980, it was thought that Victoria now had 
three endemic species of mammal, this po¬ 
toroo, Leadbeater’s Possum and the Smoky 
Mouse Pseudomysfumeus. However, specimens 
of Smoky Mouse and Long-footed Potoroo 
have been recorded in the ACT and NSW in 
1985 and 1995 respectively (Menkhorst 1996). 

Even with the number of surveys that have 
been conducted since the 1960s, the past 20 
years have seen further species added to Vic¬ 
torias list. While looking for references to East¬ 
ern Grey Squirrels in Melbourne, I accessed the 
website eMelbourne, which is the digital ver¬ 
sion of The Encyclopedia of Melbourne (2005). 
The entry on mammals was written by the late 
John Seebeck, who previously had published an 
article on the subject in hFhe Victorian Naturalist 
(Seebeck 1984). The entry in the website made 
reference to ‘A small localised colony of North¬ 
ern (Five-striped) Palm Squirrels, originally 
from India ... found in Kew in 1997 but ... ex¬ 

terminated’ (Seebeck 2005). Peter Menkhorst 
confirmed this during the ‘Mammals of Victo¬ 
ria workshop. 

Van Dyck et al. (2013) in their identification 
keys to Victorian species, identified eight spe¬ 
cies that may potentially turn up in Victoria 
through what they called ‘Border Patrol: Un¬ 
detected Species Alert’. Six of the eight species 
were bats, either microbats or flying-foxes, and 
two had already been recorded from the state 
up to 14 years before these keys were published. 
The Little Broad-nosed Bat Scotorepens greyii, 
which was removed from the Victorian list 
by Menkhorst (1996), was recorded in 1999 
(L Lumsden 2014 pers. comm,). Also, an un¬ 
known number of Black Flying-foxes Pteropus 
alecto, accompanying a large influx of Grey¬ 
headed Flying-foxes P. poliocephalus, were 
found in Melbourne in approximately 2010 (L 
Lumsden 2014 pers. comm.). 

In May 2011, Peter Barnes, the manager of 
the Trust for Nature property ‘Neds Corner’ 
in the far north-west of Victoria, discovered 
a Southern Hairy-nosed Wombat Lasiorhinus 
latifrons on the property. While these wombats 
are found in the South Australian Murray- 
lands and far south-western NSW, they had 
never been recorded previously over the Vic¬ 
torian border. Also in the same year, an article 
by Charlton-Robb et al. (2011) identified a new 
dolphin species, the Burrunan Dolphin Tursi- 
ops australis, which is endemic to the southern 
Australian coastal waters including the Gipps- 
land Lakes and Port Phillip Bay. 

The latest species, the Little Pied Bat 
Chalinolobus picatus, was captured in Septem¬ 
ber 2014 in Yarrarra Flora and Fauna Reserve, 
north of the Murray-Sunset National Park. It 
was captured by Sally Bewsher and her team 
during the Field Naturalists Club of Victoria’s 
Fauna Survey Group survey of this reserve 
(Bewsher et al. in prep.). While there had been 
possible recordings of this species by acoustic 
or ultrasonic bat detector (AnaBat), this was 
the first time it had been captured in the State. 
This species was another identified by Van 
Dyck et al. (2013) as potentially existing in Vic¬ 
toria, . 

There is a high possibility that further DNA 
analysis will ‘split’ or ‘clump species already 
recorded in Victoria, so the list and the names 
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of the 161 species mentioned in this article, 
even if only their scientific names, will no 
doubt change. Jackson and Groves (2015) re¬ 
port three such species split: the Long-nosed 
Bandicoot Perameles fiasuta now two separate 
species—Southern Bandicoot P. nasuta and 
Northern Long-nosed Bandicoot P. pallescens\ 
Greater Glider Petauroides volans now three 
species—Southern Greater Glider P. volans, 
Central Greater Glider P. armillatus and North¬ 
ern Greater Glider, P. minor; and Brush-tailed 
Phascogale Phascogale tapoatafa into Brush¬ 
tailed Phascogale P. tapoatafa and Northern 
Phascogale P. pirata. 

The increasing number of Victorian mammals 
recorded between 1834 and the present, taking 
into account the recent taxonomic changes in 
Jackson and Groves (2015), is shown in Fig. 2. 
The graph also shows the number of extinc¬ 
tions that have been recorded over the same 
period. Hopefully with good management 
rather than good luck, the number of extinc¬ 
tions will remain steady. The names that appear 
with an * in Fig. 2 were taken from Seebeck 
(1995), while the others came from Menkhorst 
(1996), Van Dyck et al (2013) and finally those 
known by this author to have occurred since. 

Conclusions 
Over this 182 year time span, 161 species have 
been recorded in Victoria. The full list of these 
species, their overall status including Victorian 
conservation status, can be found in Table 1. 

Some have their conservation status listed as 
extinct but this relates to a particular subspecies 
rather than the species itself. The list has been 
compiled from the works of Menkhorst (1996), 
Van Dyck et al (2013) and other published and 
unpublished records before and since the latter 
publication, that are known to this author. Sad¬ 
ly the State has lost a number of native mammal 
species, and some introduced ones, that have 
been recorded here (approximately 17% or 28 
species), either to extinction (complete) or re¬ 
gional extinction (Victoria)—the term used by 
DELYVP in referring to those species no longer 
found in Victoria. These losses include: 
• the extinction of eight native species; 
• the regional extinction of 16 native species; 
• one native species, the Eastern Barred Bandi¬ 

coot Perameles gutinii, is considered extinct 
in the wild in Victoria but survives in captiv¬ 
ity (DSE 2013) and is not considered in this 
publication as part of the 28 species; and 

• four introduced species that no longer occur 
in Victoria, with at least one now being ex¬ 
tinct in Australia. 

Fig. 2. Change in number of mammal species recorded in Victoria since 1834 
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Squirrel Glider Petaurus norfolcensis, an endangered species in Victoria. Photo John Harris. 

There are many reasons why these extinc¬ 
tions’ have occurred, although not all of them 
can be validated by scientific research, as many 
disappearances happened within the first 50 
years or so of permanent settlement. There is 
also some conjecture as to whether all speci¬ 
mens taken during the Blandowski Expedition 
were from Victoria, so the number of lost spe¬ 
cies may be fewer. 

The possible reasons for these disappearances 
include: 
• Habitat destruction due to agriculture, graz¬ 

ing and timber harvesting, which are be¬ 
lieved to have played a significant role in the 
demise of many of these species. These activ¬ 
ities are still having an impact on endangered 
species today. 

• Eradication or extirpation of introduced 
species, e.g. by poisoning; 

Other human actions have in the past, and 
in some cases continue, to put pressure on the 
survival of Victorias suite of mammal fauna. 
These actions include: 
• Introduction of exotic animals such as foxes, 

rabbits and deer; 
• Shooting for sport or pleasure, or against 

perceived agricultural pests; 
• Changed fire regimes; 
• Urban sprawl; and 
• Climate change. 
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Grey-headed Flying Fox at Beechmont, Queensland. Photo John Harris. 
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A male Fat-tailed Dunnart at Yarran Paddock, Terrick Terrick NP, Victoria. Photo John Harris. 

Gould’s Wattled Bat at Bendigo Creek, Terrick Terrick NP, Victoria. Photo John Harris. 

120 The Victorian Naturalist 



Letter to the Editor 

The Editor 
The Victorian Naturalist 

18 February 2016 

Madam, 

Ronald Gunns Tasmanian ethnobotany 

In the Alexander Turnbull Library in Wellington, New Zealand, is a photocopy of a manuscript 
(Ref. qMS-0500) purporting to be about New Zealand plants and written by the missionary bota¬ 
nist explorer Reverend William Colenso (1811-1899). In fact, it was not written by Colenso—it is 
not his handwriting—nor is it about New Zealand plants. It is by Ronald Campbell Gunn (1808— 
1881) and is about Tasmanian (‘VDL’ = Van Diemens Land) plants. The original is in the Mitchell 
Library of the State Library of New South Wales, also among papers by Colenso. 

It takes the form of handwritten ‘topic pages’ describing many Tasmanian plant species and their 
medicinal properties. It is undated but appears to have been written for WJ Hooker (1785-1865), 
who is mentioned sometimes in the second person (as if in a letter), sometimes in the third person. 
There are two versions (sometimes exact duplicates) of several pages. It mentions Tasmanian seeds 
sent to the UK by JD Hooker who was in Tasmania between 1840 and 1842. Gunns letters to Kew 
ceased abruptly in 1849 when he appears to have experienced a depressive illness (Earp 2014), so 
probably this manuscript was written in the mid-1840s. 

The manuscript does not appear to match any of Gunns published botanical work (including his 
and James Backhouses 1835 Index plantar urn....). There is no copy among Gunns letters to Kew: 
Gunn does mention ‘my Memoranda in one letter to WJ Hooker, but that may not refer to this. 

Colenso and Gunn corresponded at Lady Jane Franklins suggestion after her visit to New Zea¬ 
land in 1841, and possibly Gunn sent him the manuscript as a model for Colensos own 1865 
‘Essay on the Botany, Geographic and CEconomic, of the North Island of the New Zealand Group’ 
(Transactions of the New Zealand Institute (1868) 1, 233-283). 

The Mitchell Library has Colensos letters to his young friend Robert Coupland Harding (1849- 
1916) as well as a number of other Colenso documents from the Harding estate; possibly Colenso 
gave Gunn’s manuscript to Harding—although he did not mention it in the letters. 

Colonial plant collectors would inform Kew about how local plants were used by indigenous peo¬ 
ple for medicines, and there was some secrecy around these ‘economic botany’ communications, 
presumably because of the potential for profit and the first mover advantage from the discovery of 
new medicines. If the original of Gunn’s manuscript was sent to Kew it may have been kept quiet for 
that reason—or Gunn may never have sent it. 

Low (1988) suggests current knowledge of Australian aboriginal diet and herbal medicine is 
quite limited, since the aboriginal lifestyle was obliterated long before it could be recorded. That 
is especially true in Tasmania: the Companion to Tasmanian History (Alexander, accessed 2016) 
states, ‘Few vestiges of Aboriginal practice appear to remain in Tasmanian folk medicine or in 
Aboriginal oral tradition’ 

Gunn’s ‘lost’ manuscript may fill some gaps. 

References 
Alexander A (Ed) The Companion to Tasmanian History. Centre for Tasmanian Historical Studies, University of Tasmania 

http://www.utas.edu.au/library/companion_to_tasmanian_history/index.htm. Accessed 19 June 2016 
Earp C (2014) A correspondence long interrupted’: Ronald Gunn re-establishes contact with Joseph Hooker in 1870. The 

Victorian Naturalist 131, 204-208. 
Low T (1988) Wild herbs of Australia and New Zealand. (Angus & Robertson: Melbourne) 

Ian St George 
32 Hawkestone Street, Thornton 

Wellington, New Zealand 6011 
email: istge@yahoo.co.nz 

Vol 133 (3) 2016 121 



Book Reviews 

The complete guide to finding the mammals of Australia 

by David Andrew 

Publisher: CSIRO Publishing, 2015. 448pages, paperback, ISBN 9780643098145. RRP $49.95 

We value and take care of those things that 
are familiar, with which we have a connection. 
Australia’s poor record for the conservation of 
nature is, in part, because most in our society 
have little awareness of and familiarity with 
most species. Writing long ago of the mammals 
of central Australia, but apposite generally for 
Australian mammals, Hedley Finlayson (1935) 
noted that ‘The mammals of the area are so 
obscure in their ways of life and, except for a 
few species, so strictly nocturnal, as to be al¬ 
most spectral’. Most Australians know of and 
have seen some kangaroos and koalas, but after 
those iconic species, know little of planigales, 
phascogales, potoroos, padenielons and the 
majority of the nearly 400 species of Australian 
mammals. Although many are small and ap¬ 
pear nondescript, each is unique, special, fasci¬ 
nating. About 90% of the terrestrial mammals 
occurring in Australia occur nowhere else: they 
help make Australia distinctive and extraordi¬ 
narily significant for biodiversity. 

So, how do we make our mammal fauna more 
familiar and hence more important to our soci¬ 
ety? In this book, David Andrew takes us a sub¬ 
stantial step forward, guiding us to the places 
where we may be most likely to come across 
the many elusive species and explaining how 
we should go about maximising the chances of 
encountering them. It is a mighty challenging 
task. Whereas there are many guides to find¬ 
ing the far more conspicuous birds of Australia 
(including one book co-authored by David An¬ 
drew), and the large diurnal and charismatic 
mammals of Africa, there has been no previous 
attempt for Australian mammals. 

Andrew is a good guide. In the first section of 
this book, he entices us with the fascination of 
finding Australian mammals, but makes it clear 
that this will be a formidable (but not hopeless) 

challenge. No guarantees are provided. In many 
cases, sought-after mammal species are likely 
to be encountered only if the reader can join 
in with trapping and other surveys by research 
groups (including of course the Field Natural¬ 
ists Club of Victoria) or specialised tour guides, 
for which adequate contact details are generally 
provided. In the main section of the book, An¬ 
drew takes us around every state and territory 
of Australia, describing top mammal spots. This 
directory will be useful for the time-limited in¬ 
ternational traveller who wants simply to know 
the easiest place to tick off' the few iconic spe¬ 
cies, but also for those prepared to work harder 
for more of the better hidden species. For the 
questers, this section also includes brief notes 
on access and accommodation options. The 
maps are crude, but generally adequate. For the 
intrepid, there is also a section on boat-based 
forays for seals and cetaceans. Happily, the text 
is good on sensitivities, for example warning 
the over-eager against intruding into bat ma¬ 
ternity caves. 

The book also includes a large section that 
works sequentially through the mammal list, 
with brief descriptions of every species and re¬ 
capitulation of the best locations to find them. 
This book is not a field guide, so depending 
upon their expertise or targets, most users will 
probably also need to take along an illustrated 
guide. 

Of course, there are some small wrinkles in 
this book, unsurprising given its ambitious 
scope. Knowledge of Australian mammals is 
mercurial, and it is a small pity that the tim¬ 
ing of this book meant that the nomenclature 
couldn’t follow the recent authoritative taxo¬ 
nomic account of Jackson and Groves (2015). 
There are occasional errors, mostly in report¬ 
ing of information now outdated by subsequent 
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taxonomic and other changes. These are largely 
inconsequential. Hopefully, this book can en¬ 
courage more Australians, and international 
tourists, to better appreciate the local and fa¬ 
miliar, but also to make the effort to travel to 
extraordinary places to seek out the beguiling 
variety of our mammal fauna. 
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